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P.R E F A C E. 


The object of the presc*nt work is to lajT before British 
public .'u? complete a view as I of the present*state of the 
Clieinistrv of Animal Ik)dies. This branch of Chemistry i^nflich 
rnbre difficult than the chemical investigation oivegetable bodies. 
The difficulty docs not lie in the analysis; for accuratq|P.nd simple 
methods of anaj^zing animal bodice as well vegetable have 
been devised ; but in sep«krating the different aniiyfi§.l bodies from 
cacTi other, and obtaining each in a state of purity. These j)ro- 
cesscs wUIi respect to vegetable bodies ai'C much facilitated by 
the property which they liave of crystallizing. »Unfortunately 
the most important animal substances, as albumeni fibrin, gej^tia, 
casein, want that property. The consetjuence is, tliat we 
have no good criterion for determining w’fien these bodi^ are 
pure, or wliat the^lbbstanccs "*9*0 with which they &fe mixed. 
The consefjucnce of this difficulty has been, that flie greater 
number of modern chemists have confined their investigations to 
those animal substances, as sugar, cholestenn^cetiiviV®*^ '^ich 
arc capable of crystallizing. I am not aware of any modeni 
British chemist who has attempted to investigate any animal sub¬ 
stance incapable of crystallizing. To Dr \^llaston we owe an 



iy PlfEFACE. 

interesting of experiments o]^ nnnary tJbd gouty calculi j but 
they •were made dnd published t)efftre the method of analysing 
animal substances^had been thought off. • The same remark ap¬ 
plies *to Mr IfatchettV experiments on ^ells, bou^, zoophytes, 
and membrane. They contain many importStntwhiclvlftive 
► been oveAookedby modern chemists; bu| at the time of the pub- 
li^tibn of these experiments, namely, 1799 and 1800, ij was 
pot to be eftpected ^hat any attempt at ultimate analysis could 
te made. • * * 

Thd modem chemists to whom we^irc indebted for the most 

^ f • C * 

importaivt analyses pf animprsubstances, hitherto laid l)cfore the 
public,, dre jSiuldef and Scherer. The results of their investiga¬ 
tions will be seen fh the foj^iiwing work. By laying the pre- 
se/ic ^tatQ of our knowledge before the reader, it is to be lioped 
that British chemists, when aware of the vast quantity of inves¬ 
tigations ftet requisite to place Animal on the same footing as 
Vegetable Chelnistvy, and when medical men l)ecome sensible 
that the fartbei- improvement and final perfection of physiology 
will depend upon an accurate knowledge of the constituents and 
properties of animal substances, the subject will spccclily draw' 
general attention, which alone is wanting to insure a rapid 
sklvt.ncc. t* 



CHEMISTRY OF ANIMAL BODIES. 


The object of this important brc nch of Chemistry is to give an 
account of tht* numerous principles or definite compounds 
exist in the Animal Kingdom. * 

When we compare animals and vegetables together, each in 
their most perfect state, nothing can be easier than to ^distinguish 
them from each other. The plant is confined to a particular 
spot, and exhibits no mark of consci(.asncss or intelligence; ihw 
animal, on the contrary, can remove at pleasure from one place 
to another, is possessed of consciousness, and a high degree of 
intelligence. But on approaching the contiguous extremities of 
the anim^ and vegetable kingdom, these sti Iking differences gra-^ 
dually disappear, the objects acquire a greater degree of resem¬ 
blance, and at last approach each other so nea<>]y, that tt is 
scarcely ^lossible to decide whether some of those species which^ 
are situated on the very boundary belong to the animal or vege¬ 
table kingdom. ^ • 

To draw a line of distinction, then, between animi^ and ve¬ 
getables, would be a very difficult task; but it is not necessary 
at preaent to attempt it; for almost the only animals whose bo¬ 
dies liave 'been hitherto examined with any degree o^ chemical 
accuracy, belong to the most perfect classes, and consequent^ 
are in no danger of being confounded with plants. Indeed, the 
greater number of facts which 1 have to relate apply only to the 
human body, and to those of a few domestic atiimals. The task 
of analysing all animal bodies is immense, and must be the work 
of a^es of indefatigable industry. 


A 



^ ANIMAL,Principles.* • 

• • 

The same*%^*aDgenlTeDt was followed in the Chemistry 
of Vcgetable Bod^ njay also h& g.]lplied to animal bodies. We 
shall fi^st'givean account of the armnal principles, so far asibeir 
nature and constiftition have been, determined. In the second 

* pl^cef the different parts, both liqmd and solid, of which the ani- 
mm body is composed, will be*T|pscribcd an() in tha third place, 
we shall trt&f of those animal functions whi^ drt likely tt) l)c 

* elucidated by ehemistry. 


DIVISION I. 

OF ANIMAL PRINCIPLES. 

The* substauices ^ich havc,hitherto*bt*en detected in the ani¬ 
mal kingdom^ and ef whiclr the different parts <4 animals are 
suppossa to be composed, may be arranged under the following 
hea^:— • ^ 

!.• Animal acidft 

2. Animal bases. 

3. Interm^iate oxides. 

4. Colouring matters. 

5. Amides? 


These will be described in succession under their resj)ei*tive 
beads. 


CLASS I. 

OF ANIMAL ACIDS. 

I^veral of 1;hese acids have been described in the Chemistry 
4>f Inorganic Bodies, (Vol. ii. 45.) But so much has been done 
by chemists since tfie year 1831, when tliat work was published, 
that it will be neceeSary to resqme the account of them here, re¬ 
ferring to^the former work for every tHng which does not re- 
qmre to be corrected or amended. 

The acids derived from the animal kingdom, which have been 
recfSgnizdd moder^ chemists, and more or less accurately ex- 
O^ned, amount to about 40. ' They are all compounds o( t]^o, 
three, four or five different constituents. The following table 
exhibits the comporition of such of them as have lieen subjected 
to analysis:— 



• 

ANIMAL ^ClDS. 

3 



’ Atomic 



' weight. 

1. •Cyanogen, 

C* Az 

= • ^-25 

2. Mesoxalic acid. 

C^O . 

=r 6*25 

3. Hydrocyanic acid, (? A? 4 - H •- 

= 3*375 

4. Cyanic, . 

C* Az +.0 

= 4*25 

5. Formic, ■*’ ’ . 

(7-HCF ' 

=: 4*625 

6. Succinic, 

. O CF HO ' - 

= 7*375 

7. Lactic, 

. C« O* 

rr 8*^5 

8;' Butyric, 

C» I P O* « 

= 9*62!» 

9. Suberic, . 

. C« IP 03 4- HO . 

A 10*875** 

10. Scliacic, 

(^10 JIB 03 

= 11*5 

1 1. Choloidic, 

C« H=“ 0» 

= 33*125 

12. Hydromellonic, 

C^Az*4-'H *** • 

=r 11*625 

13. Fulminic, 

2 (C^ Az) 4-0* 

= 8*5 

14. Cyanuric, 

1^(C* Az) 4- H i4 

= 8*0625 

15. Cyanilic, 

3 (C* Az) 4^' IP 4* 0« 

d= 16*125 
# 

1 6. Parabanic, 

C« IP Az* 0« 

= a4*25» 

17. Oxaluric, . 

. C« IP Az* 0» 

16*5 

18. Pimelic, 

a IP 0* 4- HO 

= 10* 

1 9. Adipic, 

. C** H» 07 4- 2 (HO) 

=5* 20*875 

20. Lipic, . 

C® H* O* 4- HO 

= 9*25 

21. Azclaic, . 

C'o H« O" 4- HO 

= 13*625 

22.' Azoleic, 

C13 JJ13 o* 

= 15*375 

23. Alloxanic, 

C® H* Az® 0» 

= 17*75 

24. Diali:ric, . 

. C»IPAz*0» 

= 18*25 

25. Mycomelic, 

C® H® Az* O® 

= 18*625 

26. Hippuric, . 

. C'® IP ^Vz O® 

= 21*25 

27. Theionuric, 

. C» H® Az® O'® S* 

= 27*875 

28. Uramelic, . 

C'® II‘« Az® O'® 

= 37 

29. Choleic, 

O' H®* Az O'* 

= 48.5* 

30. Cholesteric, 

. C'® H'® Az* O® 

= 17*875 

31. Uric acid. 

C® Az* O* 4- C* IP Az* O* 

=i 21 
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ANIMAL ACIDS DESTITUTE OV AZOTfE. 


CHAPTER I, 


r OF ANIMAL ACID* * * § S DESTITtfTE OF AZOTE. 

« 

r f 

Tsime acids are twenty-two in' number. The' following tiible 
sbuws tbeir names :t— 


1. Mcsoxalic. 
•2. Formic. 

3. Succinic. 
•4. Lactic. 

► 5. i^uberic. 

6. Sebacic 

7. Choloidic. 

8. Cholic.* 

9. Pyrozoic. 

10. * Pimelic. 

11. Adipic. 


12. Lipic. 

,13. Azelaic. 

« 14. Azoleic. 

15. Butyric. 

16. Pho(5<?nic^ 

17. Caproic, 

18. Capric. 

19. Hircic. 

20. Anibreic. 

21. Castoric. 

22. Borabycic. 


As nine of Itlfesc acidr have not hitherto been subjected to 
Snalysis, their constitution is unknowy. It is only from analo¬ 
gy that they have been placed here. 


SECTION I.-OF MESOXALIC ACID. 

This acid a^’as discovered by Wohler and Liebig, and an 
^cc^unt of it published by them in 1838.* When a saturated 
solution of alloxanate f of barytes is raised to the boiling tempe¬ 
rature and allowed to cool, a precipitate falls, which is a mix- 
turo of carbonate^ aUoxanate, and meaoxalate of barytes. If we 
evaporaite the residual liquid we^btain a crystalline crust. From 
this crust jilcohol separates urea,t and leaves mesoxalate of ba¬ 
rytes.. 

If we let fall drop by drop a solution of alloxan^ into a boil¬ 
ing* solutfon.ol^ acetals of lead, a very heavy granular precipi- 
tlte of mesoxalate of lead falls and urea remains in soltition. 

* Annalen der Phannacie,VKvi. 298. 

f Thifi add will be^described in a subsequent section. It is one of the acids 
containing axote. 

I An animal oxide which will be described in a subsequent part tbi.s work. 

§ Anoiuer anim^ oxide to be deacribed afterwards. 



, ' mesoxalIc acid 5 

Tius salt of lead may >be decompd^d by adding tbe quantity of 
sulphuric acid just requisite to'ri^turatc the oxitfe oflea^ Or we 
may separate the lead by passing a current .of sulphuretted hy* 
drogen gas tlirough water wi^h t/hich the mesoxalate of lead has 
been mixed. If we filter to get rid of the lead, and apply he^t 
to drive off what sulphuretted hy^lrogen may exist in the liquid, 
we obtain a solution of iflesoxalic acid in water. 

Mesoxalic acid crystallizes readily, though the shape of the * 
crystals has not been determined. Its reaction is strongly acid, 
and it is very soluble in water. With the salts of lime and Ba¬ 
rytes it gives precipitates, but only after the addition of ammo- * 
Ilia, It docs not give oyalic acid when evaporate or boiled in 
an open ve-ssel. Its distinguishing characteristic is to form with 
the salts of silver, after the addition of a little ammonia, a yellow 
precipitate, w'hich, on exposure to a gentle heat, is l educ^d to the 
meUillic state, while a great deal of carbonic.acid gas is given off. 

When mesoxalate of lead is lieated with a little ntti*ic acid, it 
is converted into oxalate of lead, while, at the same time, nttrdhs 
gjis is given out, showing that oxygen has been added to the acid 
t)f the salt V 

When alloxanaie of silver is dissolved in Imilinff water, it dcu's 
not cliange colour, but if we add a little ammonia, it liecopics 
yellow, and if the boiling be prolonged, it become? all at once 
blatht, while a lively effervescence takes place. The alloxanate 
of silver in this, case is decomposed into mesoxalate, to which that 
kiiul of rvaction is peculiar. ^ 

Lichig analyzed the mesoxalate of lead, and obtained 

Carbon, . 6*85 

Hydrogen, . 0*2<> 

Oxygen, . 12*2l 

f)xide of lead, . 80'74 

n _ 

* KKHH) * 

* The quantity of hydrogen is so small, that he was of opinion 
that the acid in reality contains none. In that case it> is a com¬ 
pound of (^rlmn and oxygen only, like oxalic aci5. * If the oxide % 
of lead in the salt amount to two atoms, then the atomic weight 
of the mesoxalic acid will be 6*67. For 8t)*74 19*2611 28 : 6*67. 

Now the numbers lihat accord l)est with the* analysis and witli 
this atomiy weight arc the following: 
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« 

ANIMAL ACIDS Dt'STITUTE OJ^ AZOlVv. 

* « 

3 atones* carbon, • t = 2*25, or per cent 6*57 

4 atoms 9 xygcn, =‘‘4*00, ... 11*67 

2*atoms oxide of load, = 28.00, ... 81*76 


, * , ‘ • . 100*00 
This would make mesoxalic acid C® O* = ^>*25, or it is eq’ii- 
ralent tb itwo atoms carbonib acid, toother with an additional 
atom of carlxfii. Admitting this ^composition to be correct, we 
have* 90 fewer than five acids composed of carbon and oxygen, 
namely, • 

Croeonic, , . O’ 0*» 

Mesoxalic, . ’ O* 

Oxalic, . (7 0* 

, ‘ i^tjodizouic, . (y O’ 

f * Oarbonic, . C 
Liebig is of opinion that the want of exact accordance between the 
analytical afid theoreticaljiumbers in thoaibove analysis was ow ing 
to*the presence of a little cyayiate or ctfarmratc of lead in the me- 
soxalatc subjected to analysis. This, however, can only be con¬ 
sidered as a plausible explanation. Additional exjwriments are 
still wanting to decide the point completely. Meanwhile, if we 
adi^it the constituen'ks of ifi^^oxalic acid to l>c iia above stated, it 
is easy to expl^n the conversion of mosoxalate of silver by heat 
into metallic silver and carbonic acid. IMesoxalate of silver must 
lie a compound of * 

1 atom me^xalic acid, . = O’* 

2 atoms oxide of silver, . = 2 (Ag O) 

I?y ffcat the two atoms of oxygen leave the silver and combine 
with the mesoxalic acid. We have consequently O'’ 2 Ag. 

but O* is equivalfent to three atoms of carbonic acid. 

When»a solution df alloxanatc of barytes is boiled, it under- 
^ goes decony)osition. A white precipitate falls, which is a mix¬ 
ture of mcsoxalate, alloxanatc, and carbonate of bjirytea When 
calcined, it gives out a notable quantity of hydrocyanic acid and 
efiei^csce&i*feebly with acids. When the liquid separated from 
precipitate is evaporated, it gives a yellow foliated mass 
mcsoxalate of barytes, which may be purified by washing it with 
alcohol. When this salt was heated with oxide of copper, it gave 
no trace of azote; *100 parts of it gave 72*1 6f carbonate of ba- 
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rytes, equivalent to 54*91 of From thib'^analysi^ Lie* 

big concludes that the salt •somposed of > - 

. 1 atom mesoxalic acid/ . 6*2^ or*percent. 9(7*04 

1 atom barytes, , 9*5^ •» ... 56*30 

1*125, 


1 atom water. 


• • • 
a 


6;66 


. 16*875 WM)*00 

It is easy to see ho>f mesoxalic acid result^fron) the decompo¬ 
sition of alloxinic acid. ‘ * • 

* Hydrous alloxanic acid is . i'/ Az* 0*^S 

Subtract 1 atom urcii, 11* JJz^ 


Remain 2 atoms mosoxalic acid, O’ 


• • 


SECTION II.—OF FORMIC Af^ID. 

An account of this acid has Imjcu given in the Ounnistfy of In- 
oryanic Bodies^ ii. 58, and the Chemistry of Veyetaldes, p. 17. 

It is secreted by the J^ormica rufu or red ant, and is tholiquid 
that renders the bites of these insects so })ainful. It was first 
publicly noticed by ISIr Kay isi the year 1670.^ Dr Hulse had 
written him that he had found this i)assage in Lanykanis Gar¬ 
den of Healthy “ Ccist the flowers of «ichoryk{C^horium Intybus) 
among a heap of ants, au^ they will loon become as red as blood.*’ 
He mentions that the lact had been observed beTore by various 
individuals, among others by John Bohin. Dr Hulse said that 
he had tried the exjK^riment and found it to succeed. ]Mr Fisher 
had stated to Mr Kiiy several years befoA', that, “ if you stir a 
heap of ants so as to rouse them, they will let fall on the instiji- 
ment you use a liquor which, if you presently smelt to, will twinge 
the nose like newly distilled oil of vitriol.*’ Mr Fislier farther 
stated, that, “ when ants are distilled by themselves or with wa¬ 
ter, they yield a spirit like spirit of vinegar, or rather Hike spirit 
of viride cpris,'' It dissolves lead and iron. When ^ou put the- 
animals into water, you must stir them to make them angry, and 
then they will spirt out their acid juice.” Margraaf obtained this 
acid in 1749, by distilling ants mixed with watqr|in(t rectifying 
the liquid wiiich came over. The acid obtained had a sour 
and smell. It combined with potash q^id ammonia, and formed 

crvstallizable salts with both. It did not precipitate nitrates of 

• • • 


• Piiil. Trans, v. £003, or Alridgcment, i. 554 
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lead, silver,* Q^mercur^’, ‘chloride of (^Icium. It did not at¬ 
tack silver, but dilsolved its oxid^* It did not dissolve red oxide 
of mertury, bdt wben^igested witli'it, the mercury was reduced 
to the metallic statOi If did noWattack copper, but dissolved its 
oxide^ and formed Vith it beautiful green crystals. , It dissolved 
irdh filings, an^yiclded small*g*ystals. thil, he says, is wort|iy 
of remask, because the solution of irou in dis\ille(? vinegar *docs 
►not crysteulize« If did not attack lead, byt readily dissolved red 
lead,«ifd formed beautiful crj'stals similar to thole of acetate of 
lead.»*It dissolved ainc, and yielded crystals quite diflerent from 
those of acAcite of zinc. It scarcely acted on ^bismuth or anti¬ 
mony or theii>oxides. It dissolved carbonate of lime with rapi¬ 
dity, aritl formed with it a crystalline mass.* 

In 1781, Arvidsdb confirmed the observations of IMfirgraaf, 
and gavcj*ample dqjails ri^specting the preparation and concentra¬ 
tion of *11118 acid.t In 1782, Bucholz showed how it might Ik; 
obtained in very concentrated state bj forming dry formate of 
po^^, mixing the dry salt with the requisite quantity of sulphu¬ 
ric acid and distilling. He formed also a small quantity of for¬ 
mic ether.^ In 1784, Hermbstadi: published an elaborate paper 
on the preparation of this acid, but did not add much to what 
was already kndWfi.§t Rioliter followed in 1793, jind jiroceeded 
iftaS’ly as Bucholz had doncTlI Deyeu:;^ started the notion that 
formic was iifentical with acetic acid, and this w*as followed up by 
a set of experiments by Fourcroy«and Vauquelin, from which they 
concluded that it was a mixture of acetic and malic aci(L.1l This 
opinion was called in (fbestion by Suerzen, who demonstra.tcil that 
ppr^ formic acid contains no malic acid, and that its jiroj^erties 
were different Trom those of acetic acid.** This indeed had been 
already proved by Margraaf; but the French chemists had paid 
no aitention to his ei^riments. Gehlen resumed the subject in 
1812, aifil showed, in the most convincing manner, tliat formic 
- and acetic ^cids possess difiTerent characters.ff 

Dob^reiner discovered a method of preparing formic acid ar¬ 
tificially b^ mixing tartaric acid and binoxide of manganese in a 

Opuscules filb^iques de M. Margrsaf, i. 301. • « 

f Wieglib’s Gi'schicbte, ii. 242. | Ibid. ii. 269. 

§ CrcU’s Annalen, 1784, ii.«209. 

It Ueber die oeueren Oegenstiindc der Cbemie, vi. 1 
5 Fbil. Mi^;. xv. life. •• GeUcii's Jour. iv. 3. 

tt Scliweitrgei *m Jour, iv, 1. • 
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still, and pouring oven the mixture BulpHuric diluted with 
water. An effervescence ta£ei^ place, ai^d formic acid may be 
distilled over. Wohler and Liebig have shoam that sugar,* starch, 
&c. may be substituted for tariaific add. But,’ as the preparation 
of this acid has been minutely described in the Chemittry of «' 
Vegetable Bodies, (p. 17), the reaUcr is referredto that work. ^ 
The characteristic property of 'formic acid is thia i When 
formic acid or formate of soda is put into a solution of ^ny salt’ ' 
6f gold, platinum, or silver, an cfferves'ience takes plaqiE^^ and 
thte gold, platinum, or silver is deposited in die metallic staib.* It 
effervesces also, and reduces to the metallic state oxide of silver * 
and oxide of mercury. •* ’ 

This acid has been shbwn to consist of C^HO^ =r 4.^25. It 
differs from oxalic acid by containing an atom of hydrogen, while 
oxalic acid is O* =: 4.5. 

SECTION III.—OF SUCCINIC ACID. • 

This acid has been know’n for nearly a century. The mod^oftm* 
tainiiig it, together with its projicrties and constitution, has been 
given in the Chemistnf of Inoi-ganic Bodies, (Vol. ii. ju 89.) A 
curious discovery made by M. Bromcis during the course of the 
winter 1839-4(1, makes it necessary‘to intvoduc'e it here. ,He 
found that when nitric acid is made to act uppij stearic acid, 
on^ of tlie products obtained is succinic acid.* When the nitric 
acid solution formed is ovajioirated to one-half, it concretes in 
twenty-^ur hours to nearly a solid mass, which, when put into a 
glass funnel, and washed with cold water, is freed from the mother 
ley. When these washings are concentrated, they yield a«wUte 
firm crystalline salt; which Bromcis found to be succinic acid 
composed of C* IP O* -p IlO, and agreciiig in all its properties 
with succinic acid from amber. * 

SECTION rv.—OF LACTIC ACID. ^ 

This acid is formed when milk becomes sour. It was'first ex¬ 
amined by Scheele, who pointed out its most remarkable pwiper- 
ties, and noticed its analogy to acetic acid.t li<? called it 
acid, which was aftcrwanls converted into lactic acid, as more 

* Aniialcti d«r Phunnacie, xxxv. 90. 

t Koh^;;. Vet. Aca<f. ilandi. 1780, p. 116, or Schcefe’s Essays, p. ilTS. 
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suitable to ^e^nglisli^langiLa^e. The Srench chemists cndca>> 
voured to prove th^ Igctic acid fe#nercly the acetic, holding some 
animal* matter in solution. But tliis opinion was refuted 'by 
Berzelius. It wast&fterwards olSsccved that lactic acid is formed 
•when •various v^getabl^ substances are allowed to get sour, parti- 
^ cufarly when oatmeal is left in a con^derabl^ quantity of watq^. 

The dbnstitution and propdirties of laictic acid wctc fully inves- 
• ligated by MAfc Jufes Gay-Lussao and Pelouze. A full account 
of the*^cts which thcy*asccrtaineJ has been given in the 
mi^rp of Vmetabh Modies, (p. 22). The reader is therefore rfe- 
•fetred to thit work. Jt has been shown by tbq^e chemists that 
the atomic weight of lactic acid is 9, and that its constitution is 
O’ H‘ <^. ; 

MM. Frem5^ amf^Boutrop-^Charlard have ascertained that 
all animal sulitstanoes which act as ordinary ferments have the 
property of gradually converting sugar, dextrin, gums, starch, 
&c. into lactic acid. The process is stqjipetl by a heat of 212*. 
Thtir •obsprvations have led them to the following method i>f 
preparing lactic ^cid :-r-Put malt, slightly moistent^d, for a few 
days into a stoppered bottle. The animal matter contained in 
the malt utider^oes a modification; Uie temperature rises, and 
if wy keep this modified malt for two or three days in water of 
the temperatqyq of 104*, that water beiiomes strongly acid, and 
contains a notable quantity of lactic acid. * ' 

They have found that animal mAnbraues (bladder for example) 
after being dried and kept in moist air till it begins to vndergo 
decomposition, has the property of converting a solution of sugar 
into lactic acid.^ When milk becomes sour lactic acid is gene¬ 
rated by the fiction of the casein on the sugar of milk. Tlic 
casein combines wiUt lactic acid, and becomes insoluble, which 
stops the process. Bi^jt if we saturate the lactic acid formed with 
bicarbonate of soda, the casein becomes again soluble, and act¬ 
ing on the sugar of milk a new portion of lactic acid is formed. 
This process of neutralization may be repeated till the whole 
8uga|^ of mj}k is converted into lactic acid, f 
^ M M. Cap and* Henry have discovered that the urea in urine 
IS in the state of lactate of urea. They have made some obser¬ 
vations on the lactates which deserve to be stated f 

* Jour, de Pbarm. xxVi. 477. t Ibid, xxvii. 32^. 

4 Ibid. XXV. 133. 
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Lactate of 'zinc ciystalliz^ iii fine nc^edles. ‘Its'taste is acid 
and styptic. It is more soluU^in hot than ip coM water. It is 
scarcely soluble in alcohol, and is precipitated in white tfocks by 
the alkaline sulphurets. ** '* 

Lactate of lime forms small white crystals, which feel<^^y ' 
between thi^ teeth. It has a bitterish taste. 'When heated it 

f * ^ 

melts and assumes the aspect of a* resin. It is more^sdluble in 
hot than in cold watei’. When heated with sulphuric aijid therd* ■ 
18 a slight cfiervescence, and the mixture becomes black, and 
gives out the smell of applea ^ 

Lactate of ba\:yles does not crystallize,'but assum^ the aspect ’ 
of gum. It is very soluble in water and alcohol. 

WHien lactic acid is tr^ted with peroxide of lead, or dcutoxidc 
of bar}'tes, it is converted in a groat measure into oxalic acid. 
W’^hen chlorites or chlorous acid are used, the decomposition is 
rapid. Oxalates arc formed, which coiitwmc only for a very 
short time, the efTen-cscence showing jthc cvolutioit of carbonic 
acitl. , * • 

Lactic acid, even when dilute, rapidly dissolves most phosphates 
of lime; oxalate of lime also ^ to a certain extent soluble in the 
same acid. 

SECTIO?i X. - OF SUDEIilC ACID. 

Chevreul states that when oleic, stearic, or raargaric .acid is 
boiled with 100 times its w'cight of concentrated nitric acid, till 
the whoic oily acids disappear, wc obtain on evaporation a mix¬ 
ture of-an insoluble oily acid, and another acid soluble in twenty 
times its weight of w'ater. * M. Laurent rejM*ated the e?spcfi- 
ments of Chevreul, and obtained the siime acid substance. He 
found it a mixture of several diftcrent acitir^; but the one which 
existed in grcjitest abund€mce was suhencuteid 'f' M. Brdmeis 
confirmed this curious discovery of Ijanrciit, and analysed the 
sulxjric acid wdtli great care. J • 

If we evaporate the nitiic a(*id solution to one-half it edneretes 
in twenty-four hours U» a mass nearly solid. This mass i*} put 
into a gloss funnel, and w'ashcd with cold W’atdF to free it from^ 
the mother ley. After being three times crystallized from warm 
water, cxjjosed to pressure and dried, itul)eric acid is obtained in 
a state of purity. " • 

• Sur les corps gras, p. 28. t .\nn. dc Chim. et de Pbys. Ixvi. 167. 

I Annalen der Pbarm. xxxr. 89. / 
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Suberic thus olftained' melts at 248 , and congeals into a 
mass confiostlng of^^dlew» fine, p<9l»£ed needles. When heated in 
a smalf glass flask, it generates a vapour highly impeding respi¬ 
ration, which collects into drops^nd congeals into crystals, leav- 
* ing behind it ^ charry *residue. The free^acid precipitates ace¬ 
tate of lead, and* the precipita^s insoluble id* wateirand in alco¬ 
hol. Sflb0rate of ammonia ^precipitates solution^ of chlorides 
t>f calcium, strentium, and barium upon the addition of alcohol. 
It prdhipitates also the neutral salts of silver, mercury, zinc, aiiu 
tin,* white. The laA precipitate is readily soluble' in alochol. 
•S^pliate of^opper is precipitate^ bluish green., and j)crsulphate 
of iron l^owniSh red. • 

Bromeis found suberate of silver coidposed of 

^Subferic flcid, * . 42*1 or 10*543 

•Oxide ofdsilver, . . 57*9 or 14% 

• — — 

• ^ I^IO'O 

Nefltrfd suberate of lead was composed of 

Suberic? acid, . , 42*38 or 10*297 

Oxide of lead, . • . 57*62 or 14* 

100*00 

19*58 or 10*228 

80*42 or 28* 

KKKK) 

^i 4 ^)eratG of soda 

Suberic acid, . . 70*62 or 9*62 

Soda, . . 29*38 or 4* 

• 100*00 

Sulieratesof ethyloxide 

• Suberic acid, . 9*75 

filler, . . . 4*625 

,jjlydrated aulieric acid being analysed with oxide of copper, 
*was composed of C® II® O® -p IlO = 10*875 ; so that the anhy¬ 
drous acid has an atomic weight of 9*75. 

• « 

SECTION VI,-OF 8EBAC1C ACID. 

Though sebac^ acid is obtained during the distillation of tal- 


^ • 

Disuberate^of lead 
Suberic acid. 
Oxide of leaii, 
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low, and is therefore an animal product*^ yet its characters are 
so similar to the acids belon^ng to the vegdtable^ kingdom, that 
it was thought reqiusite to place it among.them. Accc^tdingly 
it lias been described in the Chnnistry of Vegelable Bodies (p. 31,) 
to which work the reader is referred. ‘It has jpeen shoam by * 
llamas and Peligot that the atc^ic weight of this acid is 11 
and* that its components are CP. 

• • 

• * SECTION VIL—CHOLOIDIC ACID. 

* This acifl was discovered by M. Demar 9 dy in the year i^38.* 
The process whiph he emjdoyefJ to obtain it was the ibllowing 
Dissolve ox hile in twelve or fifteen times its weigWt of vii^iter, and 
* boil it with an excess oP raimiatic acid for three or four hours, 
and then let it cool. The choloJQic acid will Ikj found collected 
at the Ixittom of the vessel in a solid mass. Decairt ofF*the liquid 
|H>rtion, and melt the acid by heat three or/our times successive- * 
ly in small quantities distilled water. Finally,* dissolve the 
acid in alcohol, and agitate the solution with a little efber^to dis¬ 
solve out any cholesU^rin and margaric arid thj.t it may contain. 
After this treatment, if the solution be i^vaporated to dryness over 
the water liath, there will remain choloidic acid nearfy pure, but 
still reUiining a trace of common sulk • ^ 

Choloidic acid thus olitaincd U a solid fatty lool^ng sul^ance, 
of^ yellow colour, destitute of smell, and having a very bitter 
taste. It does not melt till IwSited above 212.® While solid, it 
is hrittte and easily reduced to powder. When heated in Iwil- 
ing water, it melts into a browm, pasty magma. It is very 
soluble in alcohol, even when weak, but little soluble in water, 
and scarcelv at all in ether. 

The solutions of this acid strongly red4eii litmus-paper, and 
decoinj)ose the carbonates w'ith efFervosc«jyce. The choloidates 
thus formed are little soluble in w'ater, and even in al^hol; but 
they are neutral. Acids throw' it down from thes* compounds 
in yellow flocks, which unite when he>ated and liquefy. • 

The choloidates of zinc, manganese, iron, lead, jopper^ and 
silver are flocky precipitates, which, when cautiously heate^ 
IWome granular, and melt at about 176®. They are all slightly'^ 
soluble in water. • 

Demar^ay atteyipted to analyse the choloidates of lead, barytes, 


• Ann. do Cbim. ct do Phys. Ixvii. 198. 
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copper, and* silver j but could* ftSt succeed in obtaining these salts 
constant in their ^(ibn^idtion. r decomposes them into 

super dnd sub^lta , Hence it happens that, when we obtain the 
choloidates by prpcipi&tion, tke proportion of acid in them 
varies with the^concentration of the liquid, and whei^ we attempt 
toVashthem. The consequendeof this is,tliaf the atomic weight 
of this aiiid is still unknown. • * * • « • 

' Demar 9 ay made three ultimate analyses of it by means of 
oxidcTp? copper, and obtained as a* means of the tliree, 

" ' Carbon, . 72*46 • • 

f* Hydrogen, 9*57 ^ 

• Oxygen, *. J7*97 

-Ji_ 

^ • 1 * 00*00 

Now, it will be shawn in a subscfjuent section tbii ox bile is a 
compound of choleic pcid and soda, and that choleic acid is com* 
posed of Az When bile^is boiled with muriatic 

aci£, besides choloidic acid there is another substance formed, 
which L. Gmelir^ the discoverer, distinguished by the name of 
taurin. This substance, WThich will be described in a subsequent 
chapter of this volume, was analysed by Demar^ay, and found 
composed of O Az ^ 


Now, if |rpm choleic acid. 


II3B 

Az 

We subtract taurin. 


IF 

Az O’® 

And to the remainder. 



O’* 

Add four*atoms water. 


IF 

(y* 

t 

• 

We get, 


11^ 

o« 


Now this approaches somewhat the constitution of choloidic 
acidf • 

For 37 atoms carbon, ft 27*75 or per cent. 74 
^0 atoms hydrogen, = 3*75 • 10 

6 atoms oxygen, = 6*00 16 


37*50 100 


But this formula differs too much from the analysis to be coti* 
6ded in. And Demar 9 ay ascertained that the atomic weight of 
choloidic acid was pot 37.5. The number oC atoms that would 
suit the analysis would be— 
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32 atoms carboi]i, = 2^-* * „or per cent *72*45 
25 atoms hydrogen, =* ,3^125 9*43 

. 6 atoms oxygen, =6* * " 18*12 ” 

t 

^ —^jn—— ■ n ■ 

• • 

, ^3*125 * 100*00 , 

But these atomic eonstitucuts diifdlr from those of Demar 9 ay ty 
five dtoms of * . •* 

f 

% * 

, *• SECTION VIIL-S-OP CHOLIC ACID. 

• m 

It lias been already mentioned in the last^section that bile & a 
compound of choleic acid and soda. Nojr, when \?e boil biife ' 
with a fixed alkali, the choleic acid is changed into cho}ic add. 
But it is not easy in this fray to obtain cholic acid in any quan¬ 
tity. The most convenient method, accordirf^to Demar^ay, who 
discovered thil acid, is the following.* * » *, 

Boil in a capsule equal parts of bile anij caustic polish dis¬ 
solved in twi(‘e its weight of water, adding just water enough to 
keep the mixture liquid. This boiling process shoul^ be?* cen- 
tinued for some days. The brown clots, whicli^separate by the 
(w^oration of the alkaline lifjwid, are removed, drained, washed 
on we filter, and dissolved in water. Acetic acid ilrecipitates 
from the solution white flocks, which collect bn the surface, 
forming a solid crust, s|>ongy and' very friable, if most of thb 
chofteic acid has been decomposed ; but if not, the flocks are 
brown and pitchy, and require Ho be again treahnl with potash. 

The precipitate is thrown on a filter, washed, dissolved in al¬ 
cohol, qnd the solution left to s|x>ntaneoiis evapomtion. White 
acicular crj'stals gradually appear on the surface. They, are 
to he separated by decantation, and washed in colcl alcohol. By 
degrees, the liqui(^ separates into two layerg; the undermost d 
which has the colour of cashew* nut, and is^thick and viscid# It 
is a mixture of choleic and cholic acids. The uppermdst is clear 
and transparent It is a dilute solution of the two acids. This 
mixture of the two acids must be again boiled witli potash as 
before. ^ 

The crystals must be dissolved in hot alcohol.. By evapora- 
tibif, the acid seiwrates in tetrahedrons. It may be renders ' 
pure by two or three crystallization^ fcom alcoholic solutions. 
The crystals of cholic acid are at first transparent and colour- 

^ • Ann. de Cbim. et de Phys. Ixvii. 200. 
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less, but by* exposure tS th^ ab**they became opaque. Yet the 
ffllky crystab deported from boiUdg alcohol retain thmr limpU 
dity add their *other jcfiaracters. * 

The taste of cholic acid is biMer.but weaker than that of bile. 
It is very solu|>le in alcohol and ether; but insoluble in water. 
T%e solution reddens litmus*^per, decompdtes the carbonates 
with efferjescence, and neutralizes bases. 'W*hen*<he etherial so¬ 
lution is rapidly evaporated, it leaves a deposit having a greasy 
feel, Showing that the acid belongs to the tribe of*oily acids. 

it^s fixed, bumiif^ with flame, giving out smoke, ^nd leaving 
a‘ good deaP of charcoal. 

The charadters of the cJiolates are quite different from those 
of the ^oleates and choloidatfs. They*have not a resinous con- 
idstence, do nOt mdlf in boiling water and dry easily. It is diffi¬ 
cult to obtain* them quite neutral. * 

The csholates of potash and soila are soluble in water, while the 
cholates of dime, barytes^ zinc, copper, jmd silver are insoluble 
in‘'fch^ liquid. They are readily decomposed into bisalts and 
disalts. 


SECTION IX.—OF PYBOZOIC ACID. 

^isname was applied by Berzelius to an acid foriued when ani¬ 
mal substances are distilled per se. Unyerdorben,* who first exa¬ 
mined its properties, distinguished it by the name of hrandsahre. 
When an animal substance, *glue, muscle, &c. is distilled 
per se, tlic first product is carbonate of ammonia, paetly dry 
and partly dissolved in a brown-coloured liquid, which con- 
tainsb a variety of substances besides. The second product 
is an empyreumatic oil; which is generally called DippeVs oil; 
because it was Dipp^l who first obtained it in. a state of purity. 
Thi^oil in its crude ftate has a yellow or rather brown colour, 
and contains a variety of bases, which will be descril)ed in a sub¬ 
sequent part of this volume. The empyreumatic oil is mixed 
with potash and distilled. The pyrozoic acid remains in com- 
binq|;ion wjth the potash. The potash residue is diluted with 
water and evaporated. And this process is repeated several 
times to get rid of all the empyreumatic oil which it contains. 
As soon as the smell of empyreumatic oil can no longer be per¬ 
ceived, dilute Bulplpiric acid is added to the. alkaline liquor as 
long as a matter similar to tar continues to precipitate. It is 


\ Poggendorfs Annalen, viii. 262. 
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then distilled in a retort, and vhen it b^ins to ^et thick, new 
portions of water are added/ and the distill<^tion continued 
till no more volatile oil passes into the receiver along with the 
vapour of water. It is this volatile oil whicih constitutes the py- 
rozaic acid, , * ^ 

It is a limpid liquid of a pale ^«llow colour, ^d has a shahp 
and .empyreu! 3 iatic*smell.^ According to Unverdorben^ it is to 
the presence of this acid that the cmpyreumatic .oils owe their ^ 
peculiar odours Its vapours redden litmus paper. It i^ insolu¬ 
ble in water,; but very soluble in alcohol, elhcr,and the vcyatilc 
oils. In the dilute acids it does not dissolve. It ought to be ^ 
kept in well stopped phials, which should be filled with it, because 
when in contact with the ^r, it is speedily decomposed, becom¬ 
ing brown, and then black and tldck. ^ . 

It is a very «feeblc acid, being incafpable of decomposihg the al¬ 
kaline carbonates, even when assisted by heat Its salts crystallize 
with difficulty. When exposed to the air,*they gradually un¬ 
dergo decomposition, a ^esm being dejiO^ted, and, if we beliq^e 
Unverdorben, a butyrate of the base remains. 

Pyrozoatc of potash is formed by dissolving die acid to satu¬ 
ration in caustic potash Icy. If, during the evaporatian, we add 
an excess of acid, we obtain at first a syrup, ^htfnnninute crystals^ 
and finally, a Ary white mass, split in all directions. Tliis nfass 
bea^ a strong heat, without dccom{K>sitiou; but i! becomes at 
last black, and then, according; to ITnverdorben, water extracts 
from it butyrate of potash. 

I^rozoate of lime is aduhle in fifteen times its wpight of water. 
When the solution is evaporated, the salt separates jiartly §s a 
pellicle and jjartly as a powder. 

Pt/rozoate of copper may be formed by double decomposition* 
It is a light green jjowder. It is slightly sofublc in water, qpm- 
municating to that lupiid a green tint It fs more soluble in al¬ 
cohol, ether, and the fixed and volatile oils. The alk^ics partly 
decompose it, leaving a brown-coloured subsalt Wlien distilled 
per se it gives off about half the acid, which it contcuns, unalter¬ 
ed. It gives off also oderin, a little butyric acid, §nd a Ijrownlsh- 
co|o\)red substance soluble in potash. y, 

Pyrozoic acid combines also with fusan, forming a brown in¬ 
soluble compound, from which potash extracts the acid, leaving 
the fusdn. 

B 
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I 

' .SECTIO’I PIMELIC ACID. 

* t 

This acid was discovered by L^flrent, and was one of the nu¬ 
merous products olb^ined when oleic acid is heated with concen¬ 
trated nitric acid.** Bromeis get )t in thp same way^ and sub- 
< jected it to a rigid analysis.! ^ 

*[t is found roost abundant^ in the waler-employed to wash 
the subtle acid, obtained from oleic ac»d by the pificcss desCrih-^ 
"'ed in a former section. It exists also in jailer quantity in the 
mothb|; ley from whicl) the suberic acid had precipitated, and 
majr 4»e obtained by«low evaporation. After being repeatedly 

* cfystallizedWrom watej* to free it from two very soluble acids, 

* which wjll be \iescribed in the two following sections, it forms a 
mass, differing in appearance from suberic acid, and consisting 
of single white, small grains. •After having bcKsn dried in a Heat 
of 212* it mtlts at ^73*, and may be easily subtinied in hue, 
silky, f?ather-shape^cr}’stals. It is rather more soluble in water 
than suberic aei(L Pimclate of ammonia does not precipitate 
chioi^es^of barium, strontium, calcium, manganese, and zinc, nor 
sulphate of copper. 

It has no smell but a much st^'onger acid taste than suberic 
acid has. It is not altered by exposure to the air. It is very 
soluble in boiling water. > At 64-^® one part of it is soluble in 
S5 of water. ^ Alcohol, ethS*, and sulphuric acid dissolve it rea¬ 
dily when assisted by heat • 

It was analyzed with nearly the same result by Laurent and by 
Bromeis. The last mentioned chemist found pimelatc^f »lver 
composed of « * 

Pimelic acid, . 37*75 or 87*37 

* Oxide of silver, C2*25 or 14*5 


100*00 

Wheilf analyzea oy means of oxide of copper, the hydrous acid 


gave Laup<3nt 

Carbon, 

52*52 


Hydrogen, 

7*50 


Oxygen, . 

39-98 



100-00 

• Ann. de Chim. et de Pfays. Ixvi. 163. 

f Annul^i dcr Pbarm. xuv. 104. 
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Bromeis obtained • 


Carbon, *1 

49*56 • 

• Hydrogen, 

7*(&. 

Oxygen, . •. 

43*38 

a . 


100*00 

And\he anal^u of the pknelate o^alver gave him 1 

Carbon, 

21-98 

Hydrogen, 

2*64 

Oxygen, 

1313* 

Oxide of silver. 

62*25 

• 

• • 

100. 


From these analyses the followihg formula* may be deduced^ 
(7 O* + ftO = 10. For * . • *. 

7 atoms carbon 5*25 or per aent 52*5 
6 atoms hydrogen = 0*75 ^ 7.5 

4 atoms oxygen = 4*00 40*0 * 

40*00 100* 

• • 

* SECTION XI.-OF ADlPlC ACID. 

• # 

This acid, like the preceding, was discovered by Laurent* 
The mother water from which the piroelic acid had been obtain¬ 
ed was freed as much as possible from nitric acid by evapora¬ 
tion, takiflg care not to evaporate too far,«otherwise the whole 
mass is decomposed violently and becomes black. We must 
therefore, after a cautious evaporation, let the solution crj sfhl * 
lize for two or three days. Draw off the liquid portion by a ^ 
sucker, and wash the crystals with a little (X)ld water. These 
evaporations and crystallizations must be rej^ted till tl)p liquid 
ceases to deposit any more crystals. The crystals are dissolved 
in water and again crystallized. They constitute a mixture of 
adipic and b’pic acids. To separate them, the crystals are'dried 
and then dissolved in ether by the as^stance of heat. The solu¬ 
tion is left to spontaneous evaporation till it is r^uced to on&«» 
half. * The portion remaining liquid is decanted off the crystals 

deposited and evaporated. The two products thus obtained from 

• • 

• Ann. de Chim. et de PI 178 . Ixvi. 166. 
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the ether are aiesolved lepa^ately in boilii^ alcohol, and the so¬ 
lutions are left to spontaneous eigap&ration. These solutions and 
crystaUizations are r^)eated two of three times. Two sets of 
crystals are obtained. The one in groups of round tubercles is 
I. the adipic acid; the other in elongated plates is the lijnc acid. 

Adipic acid*t}ius obtained Is^in tubercles c'^mposqd of needles 
radiating Jffom a centre. Laurent always obtained it of a brown 
t* colour, which ^enabled him to distinguish^ it from pimclic acid, 
which is white. The spherules of ^liich it is composed arc softer 
and longer than thore of pimclic acid. After being dried at 212*’, 
< ifc melts when heated to 293°, and, like pimelic acid, it may be 
readily sublimed in beautiful cr5'stals. It is almost equally so¬ 
luble in^ether, water, and nitric acid. • 

Adipate of«mn»(mia crystallizes in heedles. It does not |ire- 
cipitate cjllorvles of Varium, strontium, and calcium, nor sulphates 
of magnesia, manganese, nickel, cobalt, and copper; nor ace¬ 
tate of leach It precipitates perchloridc of iron brick-red. When 
nitrdte of silver is dropt’into adipate of ammonia, no precipitate 
appears at first; but when a sufficient quantity of nitrate has 
been added, a white precipitate f^lls. 

M. Br^eis analyzed adipate of silver, and found it compos¬ 
ed of * ' , 

• * Adipic acid, . 39*39 or 18*8^6 

*Oxide of silver, 60*61 or 29. 

A ——— 

100*00 

Ilk 

The adipate of bafytes was composed of 

Adipic amd, . 48*58 or 17*95 

Barytes, . . 51*42 or 19. 


100*00 

Broillms found tfie constitutipn of the hydrous acid to be 
• Carbon, 49*56 

Hydrogen, 7.06 

Oxygen, . 43*38 


100 * . . 

The analysis of adipfte of silver agreed with this; only that 
there were two atoms of water in the aeid. They had been dis¬ 
placed by the oxide of silver. Now, the forroida that accords 
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best with this jilialj^ and inth the*atodiie ^ei^ht of the anhy> 
drous acid, as it exists in. adlbate of is 4- 

2 (HO) = 20*875. . . 

14 atoms carbon, • 10*5 or per cent 50*30 

11 atoms hydfogen, •= 1*375 * ... • 6*58 * 

, 9 (ttoms dxygen, z=*%'0 ...* 43*12 

• , 20*875 . * 100* , 

• I 

SECTION XII.—OF LIPIC A^IO. 

This acid is cgntained in the; thick brown mother l^y separate 
from pimellc acid, as mentioned in the 10th section of this chap- 
ter. When tliis liquid i| farther evaporat^, and left for some 
time at rest, tiic lipic acid separama in largQ transparept crystals 
as mentioned in the last section. • * • ^ 

The crystals are oblique elongated plates, usually grouped 
together. Tliis acid is •much more soluble in cold* water, than 
either of the two preceding acids. It dissolves readily in al^ 
hoi and ether. When heated in a retort, it may* be distilled over 
without alteration. When t^owly heated, it sublin^s in long 
needlea "When the temperature is raised cau^jopsly, it gives out 
water, and ap anhydrous acid re^dins \fhich melts between 
284® and 293*. Its vapour excites coughing, and is very suffo¬ 
cating. 

Lipatc of ammonia crystallizes in long prisms. When mixed 
with a IKilution of chloride of barium, nothing happens at first; 
but in a few minutes crystals of lipate of barytes*are deposited. 
They are square prisms passing into octahedrons. In twenty*follr 
hours hardly any lipate of barytes remains in solution. 

Chloride of calcium liehaves nearly as •chloride of barium*. 
Chloride of strontium gives a kind of coronet ^ * 

When the dry lipates are Heated with sulphuric acid, lipic 
acid is disengaged in needles. * 

Lipatc of ammonia does not precipitate the salts of mafiganese 
nor of magnesia. It precipitates the salts of iron, cK>pper,«and 
silver. According to the analyas of Laurent, to frlfom we areijar*, 
d^bted for everything known of this acid, its constitution may 
be represented by this formula, C® + HO = 9*25. 
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•SEflTION XIM.-OF ^ZELAIC ACID. 

Thi| acid, Uke ;tlie^three prdbedyig, was discovered by Lau¬ 
rent ; but be procured,it only in small quantity, and probably 
not pure. It was obtained, likS tkc prcOsding, from the liquid 

* fcyrmfid by digesting oTeic acid in nitric aqjd. The suberic acid, 
obtained by the'method described in a form<^ seclibn, was agi¬ 
tated with ether, which dissofyed the a^laic acid. fChe ether was 

# • 

evaporated, add the residue left iq contact with cold ether, and 
thi^ etfier was again evaporated. This process was repeated. 
Wh^ remained was*azolcic acid. It constituted an opaque mass, 

’ in which si^all radiated spheres njay with difficulty be distinguish¬ 
ed. I 

Azclatc of ammonia docs not precipitate chlorides of barium, 
strontium- and magnesium, not even though alcohol be poured 
into the mixture. Concentrated chloride of calcium gives a pre¬ 
cipitate ; but if that salt be dilute, no precipitation takes place. 
Tlie salts dt lead, silver, and mercury; arc prceipitatcKl white. 
According to the analysis of Laurent, the constitution of this 
acid is represented by this formula, IP O'* + H O = 13*625.* 

* SECTION XIV.—OF AZOLEIC ACID. 

'I^his acid was also discovered by Laurent, ani^ is one of the 
products of the action of nitric acid on oleic acid. It was ob- 
• tained from the oil swimming on the surface of the nitric acid, 
which amounted to about a fifth t>f the oil originally employed. 

This oil was converted into an ether by mixing it with alcohol 
and sulphuric •acid, and distilling off a certain portion.. If wo 
distil the whole, the ether is decomposed. The ether was de¬ 
composed by an alcoholic solution of potash. The potash being 
how neutralized by jnuriatic acid, the azoleic acid separated. It 
is lii^uid and insoluble in water. Laurent analyzed it, (suppos¬ 
ing it to^mtain four atoms oxygen,) and gives the following for¬ 
mula for itb constitution: C*® O* = 15*375.t 

This acid has been but very imperfectly examined. M. Bro- 
meif> has promised us a set of experiments on it and the azelaic 
acid. • •* 


SECTION X\, -OF LITHOFELLIC ACID. 

This add waa discovered by M. GoebelJ of Dorpat, in a sup- 

• Lftiirent, Ann. de Cbim. et de Pbys. Ixvi. 172. 
t Ami. dcr rbam. xxxU. 2S7. 


t Ibid. 17a 
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posed gall-stone in the zoologidiV hi^inet of that ^lace, labelled, 
a gaM^stone consisting of cotfC^iic layers, cohere 'was no ac* 
count of its origin or history. It was ovd, hftd ^ nucleus of al¬ 
bumen coloured by b^e, weighed 240 grains, and had a specific 
gravity of 1043 at the temperature of It was insoluble in ^ 
water, muriatic acid, bnd acetic acid; slightly fdluble in ethSr, 
and "readily 9ohible in bailing alcohol, with tlie exception of a 
little albumen cx}lourc^ greenish-brown by bile. JFrom this so-«i 
* lution it crystallized in hard {JUlverizablejcrystals, which Wohler 
found to be. short six-sided prisms. • « 

When heated in a platinum spoon it melted into^ yellow K- « 
quid, which cau^it fire when tlie heat was rmsed, leaving a small 
•quantity of shining cliarcoal, which gradually burnt away without 
leaving any residue. * • • • , 

When hcafed with nitric acid it frothed Strongly anti the acid 
was partly dc>composed, then it dissolved in the surplus acid. 
The solution being evaporated left a beautiful lemon<^ellow mass 
insoluble in water; butVhen rubbed oV heated in tliat liqdic^it 
assumed the appearance of a white resin. 

When heated with potash jey it is saponified, giving out the 
smell of ambergris. From this soap acids throw dowTi a yellow¬ 
ish white powder, identical with the crystals frenn the alcoholic 
solutions, and constituting a new acid, to which Goebel has gifeii 
theniainc of lithofeUic acid. * ^ 

To obtain this acid the concxetion was dissolved in boiling al¬ 
cohol 0^9 per cent, and the greenish brown filtered liquid slow¬ 
ly evaporated. The acid was deposited* in crystals coloured 
greenish yellow by bile. They were pulverized and washed 
cold alcohol to remove the colouring matter, and again dissolved 
in boiling alcohol and crystallized. They were now* nearly co* 
lourless. The crystals were oblique prisms with oblique termi¬ 
nations. • * 

At 68” it dissolves in 29*4 times its weight of alcq)iol, and in 
six and a-lialf times its bulk of boiling alcohol; 44*4 pprts of 
ether were required at 68®, and 47 parts of boiling ether to 
dissolve one of the acid. . 

•The melting point of the crystallized acid is 401®. At that' • 
temperature, if flowed to cool, it becojnes solid, assumes a crys¬ 
talline appearance, and becomes opaque. But if the temperature be 
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raised a few <&grees aVoYe,40l*; it assumes on cooling the form 
of a transp'arent ^reous, brittle jdhatter, which becomes electric 
when subbed. * lil thft state it fuses at 221**. It is not the least 
crystalline, but when a iittle alcohol is poured on it many cracks 
.appear, which have a certmn regularity, and even ynder a thin 
Irfyer of alcohol, it is speedily*«cpnverted into a mas8.of crystals. 

When heated in a retort a white vapour Wlas giffen out, ^hich 
» condensed intp ^ yellowiidi liquid, and there passed over into the 
receker a mixture of empyreumaflc oil and acid water. The oil 
had H penetrating smell similar to that of oil of amber. A small 
I quantity of charcoal remained in the retort The product of 
distillation seemed to contain a liew acid. It formed with ]K>tash 
a soap, ^hicli, when decomposed by muriatic acid, was anah^ous 
to the empyreumatie oil ciiipleyed. 

When*hca|;ed with a solution of potash or soda, and when the 
solution IS concentrated, it is almost immediately converted into 
a soap. The soap sejiaratcs from the liquid when sufficiently 
concentrated, and swims'on the surface" as long as the beat con¬ 
tinues ; on cooling it constitutes a hard mass, like white colo> 
phon. This soap is soluble in etjier, alcohol, and water, and is 
decomposed by acids. 

Twenty-eight gr^ns of pure lithofellic acid being saponified 
by*8oda, and the soap decofiiposed by muriatic acid, left 24*375 
grains of white dry lithofellic acid. The chloride of sodium 
^ weighed 4*875 grains. This quantity corresponds with 2*553 of 
soda. Hence the soap is composed of «» 

, Lithofellic acid, 24*375 or 38*19 
^ Soda, . . 2*553 or 4 

fatfiofellic acid dissolves in liquid ammonia, and is again preci¬ 
pitated unaltered in the state of a white powder by muriatic 
aci4:. If we heat the solution on the water-bath decomposition 
takes place, the litholfcllic acid hping precipitated in plates. The 
soda soap pf this acid gives heavy and insoluble precipitates with 
salts of silver, mercury, iron, lead, platinum, lime, and barytes. 

By the action of mtric acid on lithofellic acid a new acid is 
formed, wnich has a lemon-yellow colour, dissolves in soda ley, 
> *aaid separates as a soap from the concentrated ley. Muriatic acid 
throws down a brown mqas insoluble in water, which on cooling 
becomes solid. 


This acid was subjected to an ultimate analysb by burning it 

3 
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with oxide of copper MM. Biding and Wi^l.' 573*5 parts of 
it gave 1480*5 of carbonic aci'd jnd 558*5 of*water. Hence the 
constituents are 

Carbon, , 70*41 

Hyi^ogen,. . 10*82 

Oxygen, *’ 18*77 • 

• . ' - 

• 100 * 

* From an anal]^sis of lithofcllate of silver they have been iznluced 
to represeut»its constitution by the formula H®® O® = 44.^5. 
If we calculate from this formula we get . * 

42 carbon = 31*5 or per cent 71*18 
38 hydrogen*= 4*75 . 10*73 

8 oxygen =8 *.* l8*08 , 


44*25 • 100*00 

Were we to adopt the atomic weight of 38*125 derived from 
Goebers analysis of the soda soap, we might consider litbofelllc 
acid as composed of C®* H®® = 38*125— a, formula which 

approaches the numbers obtained by the analysis of Bttling and 
Will pretty nearly. Wohler gives the formula = 

42*5, which agrees very closely with Ws anidysis. He obtaiqad 

Carbon, . * 70*83 • 

Hydrogen, . 10*60 

Oxygen, • . 18*57 


loot • 

The lithofellate of lead was composed of 

Acid, . . 68 or 44.6 

Oxide of lead, . 32 or 21 or 1^ atom 

■■ '■ ■■ ■ • 

• 100 

This would make the atomic weight of the acid 44*6.* The sil 
ver salt, according to Wohlers analysis, is composed of 
Lithofellic acid, . 75 or 43*5 

Oxide of silver, . 25 or 14*^ • 


• 100 


* Ann. der Pharm. xzjux. 244. 


f Ibid. xli. 154. 
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Wohler conaders thf formula* C*® H®® p® = 42*5 as most pro¬ 
bable, because thd acid hasallrtjhb characters of a resin. 

< t 

SECTICIN XVI.—rOF BUTYyC ACID. 

The existence of diis acid wjis announced by^ Chevreul in 
fsU; but it vas not till thl? year 1818 lhat he g(^ it in a state 
of purity. As the name indicates, it is obtained from butter. 
It has^ been descinbed in detail in the Chemistry of Inorganic 
Bodies, (ii. 132,) and'we have no additional information to statip. 
Tb that work, thenf we refer the reader. « 

* The coiistitution qf butyric acid, according to the analysis of 
Chevrqul, isC® H’ = 9*62^, 

• 

• SECTION XVn.-i-OF PUOCENIC ACID. 

This ^id.was ^xWeted from the oil of the povpoisc, {Delphi- 
nus gfbhicepsy) by Chevreul in 1817. There is nothing to add 
to the account given of it in the Chemistry of Inorganic Bodies^ 
(«. 130.) 

According to the analysis of Chevreul, tlie constitution of this 
acid is C^® = 114375. Ijt is exceedingly prolwible from 

this anal^is, that phocenic acid is identical with the scbacic. 

< » 

• * 

* • SECTION XVIII.—OF CAPROIC ACIDl 

Discovered by Chevreul in 1818 in the butter of the coiq and 
goat It has been described in ^thc Chemistry of Inorganic Bo¬ 
dies, (ii. 134.) 

According to Chevreurs analysis, it is composed ot C** H*® 
13*25. 

^ SECTION XIX.—OF CAPRIC ACID. 

piscovered by Chevreul in 1818 in the butter of the cow and 
goat. It has been described in the Chemistry of Inorganic Bo¬ 
dies, (il 136.) 

Its con^ituents are C'® H** O® =; 18*25. 

SECTION XX.—OF BIRCIC ACID. 

* The few facts ascertained by Chevreul respecting this acid have 
been stated in the Chemistry of Inorganic Bodies, (ii. 137.) " 

It has not hitherto been analyzed. 
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SECTIOV XXI.-OF ABlBBEfb ACm. 

Described in the Chemist^ 'dflnorgan^; Bodies, (ii 141*) 

« % 

m 

SECTIOB XXII.>.-<ft' CASTORIC ACID. 

This acid mas obtained by Brandes* iroin casforin, a subsianne 
ex^acted frdm casiw, which is secreted in two bdgs in the ingui¬ 
nal regions of tlie beaver.* * » ' , 

Wiien castorin is treated wj^h nitric agd till it "is completely 
decomposed, and tlie residual liquid concentrated, small yeUpw 
prisms and grains are deposited, which constitute castoric acid.. 

It reddens litnuis-paper; it is soluble im water, and the solu¬ 
tion is yellow ; it forms with ammonia a supersalt, which crys- 
lallizcs in small grains, ^^his salt, when neiitral, does not pre¬ 
cipitate the salts, having the alkaline earth# !br ^ases. But it 
throws down tlie salts of protoxide of iron tchite; tlfe salts^of cop¬ 
per light-green ; the salts of lead and the nitrate of silver tchiie; 
and these last precipitate# do not alter tlirir colour b^ exposure 
to the air. • 


’ SECTION XXIU.~#OF BOMBTCIC ACID. 

It was observed by Chaussicr in 1783, that, silk-worms have 
the property of reddening litmus-pa|;ipr. Htnce he inferred that 
they containetl a peculiar acid.t It appears, from Chaussieris 
statment, that Boissicr dc Sauvage had already noticed this acid; 
but neither of them gave any Account of its properties, or seem 
to have Ihteinpted to procure it in a separate state. 

Ill 1836, ^1. Mulder mixed together 100 grammes of raw yel¬ 
low silk and 50 grammes of sulphuric acid previously diluted 
with 5 litres of M'atiT in a retort, and distilled cautiously that the 
heat might not lie sufficiently high to injure the silk.^ The li¬ 
quid which came over was acid, and liad a ctrong and jpeciiliar 
smell. To free it from any sulphuric acid which it might have 
contained, an excess of barytes water was added, and tlTe sulphate 
of barytes being separated, the uncombined barytes which it might 
still contain was throwm down by a current of carbonic acid gas. 

The liquid was then evaporated to dryness^ and* d saline crust 
waS obtained, which was bonibycic acid. When a little sulphu- 

• Br. Arch. xvi. 281. 

t Nouv. Mem. de Dijon, 1783, p. 70; or CrcH's Annalen, 1788, i. 576. 

^ PoggendorTs Annalen, xxxvit. 611. 
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ric acid was wilb ttts cradt^, a cbai^ and penetrating smell 

was perceived, and i^wliite vai|)Oiir exhaled, which acted as an 
add. From this experiment it jfbllows, that silk contains an add 
which is separated from it by s^phuric add; tliat this add is vo- 
Igtilh, has a strong smell, ai^d forms a sobible salt with barytes. 

Bombycic add is not found*in the fibres ojT sil^k^but in ite ge¬ 
latin and albumei^ It may*be obtained by boding the raw silk 
in water, and evaporating the liqmd. * 

^ben mixed with A great deal of water, it has a peculiarly 
^trohg fatty smell, is very volatile; has a sharp taste, and reacts 
weakly as an acid. When exposed to the light, it is decompos¬ 
ed ; the peciiUar smell vanishes, and a crop of mucors make their 
appearance. 

It forms soluble salts with lim^ barytes, potasl\;Soda, and am¬ 
monia^ and & separated from these ba%s by the strong acids, as 
becomes evident by* the smell. Its solution in water is not pre- 
dpiteted b^ salts of iron, mercury, copper, and silver, showing 
that its sombinations with the bases of these salts are soluble. 

Concentrated acids mixed with dilute aqueous solutions of 
bombydc add do not act upon it, if we except muriatic acid, 
winch ocdEution$ q smell similar to that of iodine. 

^ Jt is obvious, frofia the'c^acters of this acid, tiius determined 
by Mulder, Ahat it is neither cyanic acid, as Liebig conjectured, 
nor benzoic add, as was the opinion of Proust 

‘chapter II. 
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Xbese acids are*^1, or at least the greater number of them, 
feeble. • They amount at presopt to about eighteen species; but 
they will probably be greatly augmented as the examination of 
animal substances proceeda 

• OBCTION L—OP CTANOOEN AND ITS COMPOUNDS. 

‘ These have been treated of at great length in the Chetniitry 
of Inorganic Bodiesy (VoL ii p. 208,) and in the Chemistry of 
VegdabU Bodiesy (p. 207.) But the compounds of this very pro¬ 
lific sttlwtance are so numerous, that it may not be improper to 
give a Hst of the prindpal of them in this place. 
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Cyanogen, O' Az — 3.25 • , • . * * **• . 

1. Chloride of cyanogen, (?*A| + ChL s=*t*75.* ' 

2. Jj^omide of <yanogen, O Az -h Br. :!b 13‘25^t 
3i. Iodide (^anogej^ (7 Az # lod. = f9.| 

4. Sulpho-cyanogen, C® Az* + S* ss 7*75. 

1. Cyanic ynd, C? Az O 4-’Aa «sr 6-375.§ 

2! FulnQini(Meid,*2 (C® ^ O) =^4*25.1 

3. Cyanuric acid, 3(C® Az O) + 3 HO =r*7*62{f.1i 


ft 


99 


t 


9 

9 


'1. Cyanate of ammonia, C* Az O -f- A!e H® + HO =s 3*5^ 
Urea, * C* Az O + Az + HO * 6-S. „ 

2. Cyanate of potash, C* Az Q + KO =£ 11*375. And so of 
the other cyiuatee. ; 


1. Fntminate of mercuiy, 2 (0*^4^ O) -f-* 2 (Hg 0]| = 35*5, 

2. FulminafiS of alver, 2 (C* Az O) 4. 2*(Ag O) =»37*5. 

3. Fulminate of copper, 2 (C® Az O) + 2 (On 0) s: 14*25. 

4. Fulminate of Zinc, 2 (C® AzO) -f 2 (Zn O =44*5. And 

so of the oUier fulminates. . * * 


1. Crystallized (yanuric acid, 3 (C® Az 0]f + 3 (HO) 4 

4 Aq =; 15.5. • 

2. Cyanurate of ammonia, 3 (O Ajf. 0),-f Az H* 4* HO 

= 10 * 375 . • * • 

3. A^yanurate of potash, 3 (C* Az O) + 2 (HO) 4- KO = 

15*875. 

^ or 3(C*AzO)4HO4.2(KO)=20.75 
or *3 (0* Az O) +«3 (KO) = 35.625. 

4. Cyanurate of silver, 3 (C® Az O) 4. 2 (Ag O) 4 H J ij: 

37*75. 

or 3 (C* Az O) 4 3 (Ag O) = 51 •125* 

1. Hydrocyanic acid or prussic acid, Az H = 

2. Hydrocyanate of ammonia, C® Az H 4 Af H® = 5.5. And 

so of the other hydrocyanates. 

1 . Cyanet of potassium, C® Az 4 K = 8*25. 

2. Cyanet of sodium, C® Az 4 = 3*25 

3. Cyanet of zinc, . C* Az 4 = 7*3f5.* 

i. *Cyanet of iron, . C® Az 4 Fe = 6*75. 

* See Inorganic Cb^muitry, ii. 334. t Ibid. ii. 288> 

t Ibid. ii. 239. § Ibid. ii. 325. | Ibid. ii. 329. 

^ Ibid. 4 . 227; and Vegetable Cbemistry, p. 208. 

**• Chemistry of Inorganic Bodies, ii. 219. 



30 


ANIMAL ^CIDS C50NTAXN1N^ AKOtB 


5. Cyanet of mercury, 4< Hg ^ 15*75. 

6. Cyanet of silvfer, C* Ag = 16*75. 

7. Oyanet of paflajj^um, C? Az -f Pa =: 10* 

6. Cyanet of gold, C? Az ,+ 2 (A^) = 28*25. And so 

t of the other cyanets. « , 


c 


1. Ferip<^anogen, 3 (C* Az) + Fe.=r 13^5.' 

Symbol for ferrocyanogen Cfy. 

2. ^erro-<granhydric'fu;id Cfy +'’11® =: 13,5. 

* • Ferro-pruasicsor Ferro-chyazio acid of Porret 
*3. Ferrocyanet of potassium, Cfy 2 K £= 23.28. 

Pnissiate of potash. But if contains also uiree atoms water. 

«■ f 3 F *1 ‘ 

4. Femx^anet of potassium mid iron, 2 Cfy + i K f - 

5. Pru^ian, blu^ S Cfy +* Fe® = 43.25. * 

6. B^c Prussian blue, 3 Cfy + ^ J"4* FeO** = 54*75. 

V. ^olnhle Prussian blue, 2 Cfy + = 38*5. 

8, Ferrocyanet of zinc andpotasnmn, 2 Cfy+ ^ =41 *875 

9. Ferrocyanet ^f ammonium, Cfy + 2 (Az H*) -f. 3Aq = 

. .. 17*625. * ’ 

10. Ferrocyanet of sodium, Cfy + 2 N + 12 Aq = 32*75. 

so of the other ferrocyanets. 

11. Ferocyanet ofpotas8iumandcalciui|^Cfy+^ r’20*75. 
b2.« Ferrocyanet of potassium and iron, 2 Cfy + 

3 Fe } =42 

This is the greenish white precipitate which falls when a solit- 
tion of }»'otoxide ofdron is mixed with prussiate of potash. 

13. Baskecyanodide of iron, 3 ^fy + } = 58*25 

The pr^ieding salt washed and then dissolved in water: 

1. Fdnicyanogen, 2 Cfy = 26*5. 

The supposed basis of Ghnelin’s red prussiate of potash .* 

2. Ferricyanhydric add, 2 Cfy 3 H = 26*875. 

3. Ferricyanet of potassium, 2 Cfy + 3 K s= 41*5. 

Gme1in*s red prussiate of potash: 

4. Feiricyanet of iron, 1 atom ferricyanogen, = 26*5. 

3 atoms iron, = 10*5. 


37- 
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This is the blue prec^itate thiK>^4owB from.a'' solution of 
protoxide of iron by the red piti^q^te. **" 

1. Sttlpbocyanogen, C, Ax ^ S* =s 7*75.“ , ^ * * 

2. Sulpbocyanhydric agid, ((? A« 4* S*) + H = 7*875. 

3. Sulphocywet of amrooniun^^ (C* Ax 4* S*) 4* Ax =«|10. 

4. Sulphocyanet oipolassium, ((^•Az 4- S*) K = 12*75. 

5. *Snlphocyiflh0t of lead, (C* Az + S*) 4- Pb = 20*75^ ** 

6. Basic sulphocyanetjof lead, (C* Az 4 - 8*)*+ Pb 4- PbO =: 

• . 34*75. • 

7. Sulphocyanet of mercury, (C* Az + S*)H" Hg =s 20*25. 

« 

tecTioN n.—-(tt URIC Acm. ^ 

•t 

* This very important substance was discovered, and its charac¬ 
ters ascertained by Scheelb, in 17>6.t He fbnnd it in urinary 
calculi; and 211 the calculi examined by Ihtp conast^ of it 
From the properties of it pointed out by Scjieele, it wasitonsi' 
dered as an acid, and Morveau gave it the name of tithie aeuL^ 
The experiments of ScheSle were confii^ied by those of 
man,§ and of Fourcroy and Vauquelin during their examination 
of urinary calculi.{| In 1798,^ long paper on urinary calculi 
by Dr Pearson was inserted in the Philosophical Tran^tions.Y 
It contained little that had not been*alrei43^' determined by 
Scheele. But Pearson affirmed that*the characters of the Hthi'c 
acid #f Scheele were not those of an acid. He called^it an oxide, 
and the term liikic being in his opinion improper, he distmguisbed 
it by thej^ame of uric oxi^ ; a term which he had already em¬ 
ployed in liis translation of the French Cbemifal Nomenclature.** 
Fourcroy, admitting the impropriety of the name Hthic, but ^ill^ 
maintiuning that the substance was an acid, gave it the name of 
uric acid, which was generally adopted, ff 

Brugnatelli made some experiments on thuacid, one of which 


• Inorganic Chemistry, U. 241. 

t Koitgl. Vet. Acad. Handbl. 1776, p. 327 ; or Seheele’s Cheinii^ Swayci 
p. 199. 

t Emcjfd, lf«fd. Ckemk Art. Acide»i or Lavoisier’s Tcaiti 4p Cbio^, 
p. SI8. *• • 

§ cKong. Vet. Acad. HandL 1776, p. 333. 

H Ann. de Cbim. zvi. 63, and xzvit. 225. 

5 Pba. Trans. 1798, p. 15. * 

«• See the last table iMbat work. tt Ann. de Cbim. zzvii. 286. 
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was rather. ihiportanU i^<yvred that when it was treated with 
nitric acid; a considerable quantity of oxalic acid was formed.* 
This throws light upon the existence of oxalate of lime in 
urinary calculi; for Scheele hqd shown that uric acid is a con¬ 
stant ingredient in urjne. 

* Gay-Luss^^fir^ attempted to analyse*uiic acid*by means of 
black exide of copper. measured the volumos of carbonic 
acid and azq^c gases evolved, and found them to each other as 
69 » 31, or as 5 ; 2*246.t This,«as we sliall see afterwards, con- 
stkvt^ a tolerably «near approximation to tiic truth. The pro- 
^rties of uric ajcid were farther investigated by Dr Henry, who 
made it the subject dT his thesis; when he took his medical degree 
at Edinburgh in 1807. His experiments were revised and pub¬ 
lished in an, English dress m 1813.^ Berard subjected it to 
analysis,* an^ published the result in his thesis on the analysis of 
animid substances, which he supported at Montpellier, when he 
^aduated^in that University in 1817.§ In the same year an im¬ 
portant paper by Dr Prout, on the nature and proximate prind^ 
pies qfurinct was published in the eighth volume of tlie Medico- 
Chirurgical Tlransactiom, He ^ives an analysis of uric acid,re- 
markablw for the care and accuracy with which it was conducted. 
Uric acid was again analysed by Eodweiss in I830,|i by Mitscher- 
•libh,*f and by Liebig** in 4834. • 

Scheele Rad observed that when uric add is distilled, ar acid 
substance sublimed, which he considered as analogous to succinic 
add. Dr Pearson obtained it also, and considered it benzoic 
add. It wio examined more in detail by Dr Henry, who con- 
jcl^ded from his experiments that it was a new add united to 
ammonia. The subject was taken up by Chevallier and Las- 
I aaigne in 1820. ff These gentlemen examined its properties in 
de^'l, showed its *poculiar cliaracters, subjected it to analysis, 
and disringuished it by the nanie of pyrvric add. 

In the^ear 1838, a most important set of experiments on uric 
add, And the various uew compounds which it is capable of yidd- 

*>* Ann.<d« Chim. xxvili. 56. f IMd. xevi. 5S. 
t Memoira bfthe Literary and Pbiloaopbical Sodety of Manchester, (2d Se¬ 
ries), Vol. ii. * 

§ Ann. de Chim. et de P^y** v* 292. B Poggendoif s Annalen, xix. 1. 
5 Ibid. JDodit. 385. ** Annalen der Phtrmade, x. 47 . 

ff Ann. de Chim. et de Pfays. xiii. 158. * 
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ing, wajs published by WdhleriilfdfLipbigt»* These^chemistsbare 
thrown a new light upon the fiatjpre of uric aSd, and on the im¬ 
portant part which it acts iif the animal dtmdmy* If thb view 
which they have taken ^prove correct,—and it agrees better with 
the phenomena than the old opinion,—-theatatement of Dr kiear- ^ 
son, that uri^ acid nbt entitled to^be considered as a real ad^, 
win after all be«tfae*trae gne. Liebig and Wohler ocpiider it 
as a s(dt having urea for its base. The other. Or acid constituent, ' 
•has never been*obtained in a separate sta^, and perhaps is^i&ca- 
pable of exisjing except when united to a base. • * 

Uric acid exists in small quantity in human urine, and may^ ' 
be obtained in crystals when thdt liquid is cautioueiy concentrar 
ted. Many urinary calcpli conust almost entirely of it. In 
them, however, it is mixed with the colouring matter of urin^ 
with the mucus of the bladder, and nith othdr^substanc^ The 
urine of birds, as was drst shown by Dr Wollaston, Obrndsts 
chiedy of urate of ammonia. The excrements of serpents (void¬ 
ed about once a month) Oon^ almost dUtirely of the same sub¬ 
stance. 

The easiest method of obtaining uric acid is to take the ex¬ 
crements of serpents or of bir<&, which are solid, nearly white, 
and consist of urate of ammonia, mixed w}tlf more or less of 
animal matter. * Dissolve this mattei^by means of heat in a ley' 
of caiistic potash or soda, and evaporate the solution to a thick 
magma. Spread tliis magma upon a fine cloth, and wash it cau¬ 
tiously with hot water till the liquid passes off colourless; then 
subject It to strong pressure between folds of blotting-paper. 
Dissolve it in boiling water, and precipitate the uric acid^by, 
means of muriatic acid. Collect it on a filter, and wash it with 
cold water till that liquid ceases to have any taste. 

Thitt obtained, uric acid has a snow-white colour, and is usu¬ 
ally in fine powder, though sometimes in vefy minute prismatic 
crystals. It has been obtained in pretty large crystal^ by Both* 
ger. They were hydrated uric acid composed of one atoiQ uric 
. acid, and four atoms water, t 

It is destitute of taste and smell. According tq lfr Henxyf it 
disrolyes in about 1400 times its weight of boiling water, and the 

• Annalen der Pbarmacie, xxvi. 241; or Ann.*’ de Chiin. et de Phy*. Ixviii. 
225. 

t Ann. der Pharm. xxxii. SIS. 

« C 
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soludon reddens litmnsopapef.* *Dr Pearson states it to be inso* 
Itible in cold wat^, and with h)s^^tement my trials agree. It 
oertaiisly ii^dire^ mdre than 10,000 times its weight of cold 
water to dissolve it. Muriatic icid does not dissolve it, nor sul- 
.phuQc acid, but it dissolves with* effervescence in nitric acid 
wlien assisted 1 b|y heat, and if* the'solutioif b§ caut^usly evapo> 
rated te ^ness, the reddue^adually assumes a b^utiful«{>Lik 
colour. WatQT dissolves this residue^ and assumes the same pink 
coloup,*but it gradually fedes and disappears. The alkaline car- 
bourtw do not dissolve uric add, but it dissolves readily in cans* 
£ic potash or soda ley, and also in ammonia, though less readily. 
The alkalinecsolutions are promoted by heat I;, decomposes soap 
when assisted by heat, as it does alsp the alkaline sulphurets. 
Lime-water also dis&olves iuric,acid, as was first shown by Scbeela 
It is insoluble in al 6 >hol and ether. <» 

M. Lipowitz* has made some experiments on the solubility of 
uric acid, prhich deserve to be stated. One part of carbonate or 
becal'boimte of potash nr soda, dissolved in 90 parte water, 
dissolves two of uric acid. The mixttu'e must be boiled. During 
the boiling, the carbonic acid is expelled and an alkaline urate 
formed. ^On cooling, the urate is^deposited in warty crystals, 
which require mtcl| wat<y to dissolve them. The affinity of uric 
^acid for bases is augmented by heat. When uric add is boiled 
with a solution of acetate of potash, the acetic add is disengpged 
and urate of soda formed. Oi^ cooling, the acetic add « g<»in 
displaces the uric. When one part of borax is dissolved in nine¬ 
ty parte watqr, the solution dissolves little more than one part 
pf|uic acid, but the solution does not require heat A gelati¬ 
nous biurate of soda separates. Wlien this salt is burnt, it leaves 
carbonate of soda. When we add boradc add so as to form 
2 ^toms biborate oT soda + 1 atom uric acid, and heat, we get 
2 atoiuis urate of Soda -f. 1 atom quaterborate of uric acid. 
On cooliqg, we have 1 atom biurate of soda 4 . 1 atom biborate 
of soda + 1 atom biborate of uric add. 

When phosphate of soda is dissolved in water and the solution 
bfiiled wfith upc add, urate of soda is formed, which is deposited 
on cooling, and the liquid becomes add. 

Carbonate of lithia requires 200 times its weight of water to 
dissolve it If it be simpended in water, mixed with uric add, 

• 

• Ann. der Pbarai. xnvili. 348. 
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and heated, a solution immediatelytajces place: 1‘part of lithia, 
and 1 of uric acid, diswhe in^^parts water,*at the temperature 
of 122% and they remain in holution whelS thd li<{aid is <X>oled. 
At Ihe boiling point, 1 part of lithia, and abnost 4 parts of uric 
acid dissolve in 90 parts of water, with the evolution of much 4 ^- 
bonic acid. Xhi copliiljg, the whole* concretes into a gelal3noi& 
mass,, easily ^dissolved by heat Urate of lithia at 122^ is so¬ 
luble in sixty times its weight of water. Cauddc lithia dissolves 
about ffix times its weight of iftic add. Urate of lithia is com¬ 
posed of , a ^ ' 

Uric add, 85*54 or 10*35 or I atom. ^ 

Lithia, . 14*46 or 1*75 or*2 atoma 

• —•- 

100*00 ^ . 

M. Lipowitz» proposes lithia as an excellent ^reagent fpr sepa¬ 
rating uric add from the otlier ingredients in, calculi Wd have 
only to heat the powdered calculus with a solution ^of lithia ; 
filter and add muriatic ^d; pure urid acid fells down. 'Ha 
boiled lepidolite in fine powder with uric add. On dropping 
muriatic acid into the filtered liquid, uric acid precipitated. The 
same experiment succeeded with spodumen, containing lithia. 

When dry uric add is heated in chlorine glut, cyanic acid, 
muriatic acid, and chloride of cyanogen are formed. When moii^ - 
uric ^id is subjected to the same treatment, the snbstmices form¬ 
ed are carbonic add, ammonia, apd oxalic add. When it is long 
boiled in caustic potash ley ammonia is given out, and oxalic 
add formed. * • 

According to Braconnot it combines with the alkalies in two , 
proportions, forming with each, urates and Murates* The diurate 
of potash, according to his analyds is composed of 
Uric acid, . 66^ or 2^*1 

Potash, ^ 33*6 or iS* 


100 * 

According to this analysis its atomic weight is 23. 

When the alkaline urates are heated to redness^ii) tde open 
air, the^readue is a mixture of charcoal and carbonate of the al¬ 
kali * But when the experiment is conducted in close vessels, 
cyanodide of the alkali, cyanate and carlionate are formed, as 
appears from the experiments of Lipowitz.* 

• * Ann. der Phann. xzxviu. 356. 
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The Moling table(exliihit^ the result of the diiSereM ultinAte 
Analyses of uric ai^d: , ■ 


r 

*BeranL ^ 

Prout 

Kodweus. 

Mitcherticb. 

Liebig. 

Carbon, 

33*6^ 

39*875 

39*79 

35*82 

37*15 

, Hydrogen, 

7*06 , 

2*225 

* 2*00* 

2*38 

2*49 

Azote, 

‘^9*23 

31425 

' 37*40* 

34*60 

^ . 

34*66 

Oxygen,^ . 

20*09 

A 

26*7f5 

20*81 

. 27*20 

25*70 

c 

r 

100*00 • 

100* 

• 100* 

100* 

100* 


'F we leave out l^erard’s analysis, because his hydrogen differs 
M much from all the others, the mean of these analyses gives, 
tSarbon, *. 38*16 * 

Hydrogen, . * 2*27 

. • Aaote, , . *34.45 

• Oxygeh, . 25*12 


100*00 

< 

Now the number of ntome which agrees best with this mean, 
and which approaches the atomic weight determined by Brecon- 
not, is the following: 

JO atoms carbon, . * 7*5 or per cent. 35*72 
4 atonn hjdrogen, 0*5 ... 2*38 

4 atoms azote, • . 7*0 ... • 33*33 

6*atoms oxygen, . 6*0 ... 28*57 , 


21*0 100*00 

!I!he carlyin doesmot agree with the above mean, but it almost 
, coincides with the result of Mitcherlich’s analyaa The quantity 
of oxygen is above the mean; the number of atotis of oxygen 
r deduced from that mean should only be 5| instead of 6. 

(1 am diepo8ed,‘in consequence of these discrepances, to adopt 
the analyris of Dr IVout as the most exact. It leads to the fol¬ 
lowing |tomic constitution *. 

« 11 atoms carbon, = 8*25 or per cent 37*94 

4 atoms hydrogen, =; 0*5 ... 2*30 

*4^a^m8azot^ =7*0 ... 32*18 

6 atoms oxygen, s 6*0 ... 27*58 


‘ 21*75 100*00 

Wtihler and Liebig have adopted the formula, Az^ O', 
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but Az* O' would have tSiswered <hei^ purpose as well. 

They conedder uric acid to be*a eompound of 1 atom urea and 
1 atpm of a peculiar acid represented by tlie fonnula, O O; 

but we may as well suppose it O Az* O, and then we have 

1 atom urpa, . ., OH* Az* O* ^ ^ • 

1 atom peculiar aci^ . Az^ 0*« * 

• . • • • . • 

• . . ■■■ '■■■ « 

Making 1 atom of uric add, H* Az*X)* ss: 21*75 
* • When uric ddd is subjected* to distillation in a retort, 4 fur¬ 
nishes a considerable quantity of cyanuric acM and urea. ' * 

From the] late e^tperimeuts of Liebig, 4 would appear that 
the atomic weight of cyaitpric add ought to be dou1)led. If so, 
k condsts of 3 (O Az) Ad* O* = 16*125. This bdng the atomic 
weight of the acid, it b clear that the salt fohnerly called bicy- 
anurate of potAsh Is, in fact, a cyanurate, and when l^ated to 
212**, the cyanuric acid loses an atom of water ; for the^lt is 
composed of ^ 

1 atom, 3 (C* Xz) + H* O, * . 15 , * ’ 

1 atom potash, . . • 

21 ' 

He analyzed the salt formerly called cyanivs2tc*of potash, (but 
which will be a dicyanurate if we double the atomic weight of* 
the ifdd), and found it had lost another atom of wat^, the acid 
now consisting of (C? Az)® HCK 

He wialyzcd cyanurate of silver, and found it a compound of 
three atoms oxide of silver, with a new modification of cyanuric 
acid. For it is deprived of an additional atom of water, and c^n-^ 
sisted of (C* Az)® O® = 12*75.* 

Thus it appears that cyanuric acid exists in three states, 
men uncombined it is . .(C* Azy H® 0« s= 16*125 

When united to 1 atom potash, >. (C® Az)® H* O® =>15. 
United to 2 atoms potash, . (C* Az/ H O* = 13*875 

United to 3 atoms oxide of silver, (C* Az)* O® =: 12*75 
An additional atom of base always displacing a corre^ndi^ 
atom of water. 

Now, neither urea nor cyanuric acid, in any of these four 
states, is volatile; yet they are obtained «&om uric add by sub¬ 
limation. But the cyanuric acid may be a product Irom tlic de- 


• Anu. de Chim. ct de Pbys. Ixviii.l8. 
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compofiltion ot urea, if wa ado&it with '\f^dliler and Liebig, that 
urea is one of the'constituentscof 'iiric add. 

t ' ♦ • 

BScnoN m.*^F pynvBic acid. 

. » 

• ^ lb has beeq stated in the last section, that when jScheele sub* 
jected uric acid to distillatfbp, a substance sublimed which he 
took fcfl* succinic add; that Dr Pearson conddef ed it to be' ben* 

• zoic acid; that Df Henry examined it more in detail, and was 
of ot>ininn that it constituted a new and peculiar acid; and, finally, 
thhiK/heyallier and ^Lassaigne subjected it to a rigorous examina¬ 
tion, and gave it the name of pyruric acid. 

It may be*Dbtained either by heating uric acid, or uric acid 
calculi in a retort: the calculi must be pulverized and washed 
with boiling *water^ before being put into the retort The add 
sublimeain plates, which attach themselves to the upper part of 
the re^rt Besides this there is a good deal of acid, combined 
with ammonia, dissolved in the water which comes over into the 
receiver^ There comes over at the same time cyanuric acid, and, 
in general, carbonate of ammonia, and an empjTeumatic oil. 

The add may be obtained froip the matter which has passed 
into the i^eceiyer, and which speedily assumes a solid form. This 
matter is to be* fitted with boiling water, and filtered. The 
^filtered liquor lets fall a firown bituminous-looking substance* 
When saturated with ammonia and evaporated, small crystals 
are formed, consisting of super-pyrurate of ammonia, but disco¬ 
loured by an cmpyreumatic oil. Being dissolved in wr.^:r, and 
the solution* mixed Vith diacctate of lead, a precipitate falls, 
ivhich, being washed with water, and decompose by sulphuret¬ 
ted hydrogen gas, filtered and evaporated, yields crystals of pyruric 

• add. The colour js still yellow, but they may be purified by re¬ 
peated solutions an^ crystallizationa 

Pynllic add is wdte. It crystallizes in small needles. When 
heated it melts and sublimes entirely in white needles. Whefn 
passed through a red-hot glass-tube it is decomposed into char¬ 
ed oil,^carburetted hydrogen, and carbonate of ammonia. It 
^ssolves in About forty tames its weight of cold water. The so¬ 
lution reddens vegetable blues. It dissolves in boiling alcohol 
(of 0*843) and when th^ solution cools is deposited in small white 
grains. 

It dissolves in concentrated nitric acid. When the solu- 
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tion is evaporated to jbryness WbVA>toiii ^lie pyctmc acid unal 
tered. • ^ ^ • 

Lime forms with pyruric dbid a salt whfth drysfitUizes itregu* 
larly, and which has a bitterimdsslighdy acnd taste. When ex¬ 
posed to a gentle heat this salt melts, and on cooHng assume the, 
appearance o} yellow w&x. When calcined in a pla^num crudlfle 
it left 8*6 of Hme. •Hencf^ Chevmlier and Lassaigne t^ncluded 
that it was a componnd of . * • 

•Pyruric acid, 9][*4 or 37*1 '* 

, Lime, . 8*6«>r 3*5 

# - 

• 100*5 

• When barytes is united to this acid a white pulvm’ulent salt is 
obtained little soluble in cold watea With potash And ammonia 
it forms soluble and crystallizable salts. pyr\}rato of soda 

is soluble, but it does not crystallize. The ^ids when dr9pt into 
a solution of these salts precipitate the pyTuric acid pi the form 
of a white powder. Of alt the metallic sjflts tried, only the salts gf 
peroxide of iron, black oxide of copper, oxide of rilver, oxide of 
mercury, and the trisacetatc of lead are precipitated by the py- 
rurate of potash. • 

The pyrurate of peroxide of iron has,a ch^nmis-leather colour, 
that of copper ft light-blue, and thosef of rilver, mercury, and l&d 
white. The salt of lead formed by mixing solutions of pyrurate 
of soda and trisacetate of lead Jb composed, according to Che- 
valliei^nd Lassaigne, of 

Pyruric acid, . 28*5 or 16*6 

Oxide of lead, . 71*5 or 48 or 3 aton^ ^ 


lOOO 

If we suppose the pyrurate of lime analyzed to be a bisalt jind 
this a tris-^t, the atomic weightjif pyruric ^d will be 17*5. It 
was analyzed by Chevallier and lAssaign^ who obts^ped 
Carbon, . . 28*29 

Hydrogen, . . 10*00 

Azote, . . 16*84 

, . Oxygen, . . 44*32 

* 99*45 

There is no lik^liluKxi that these numbers are exact. The 
smallest number of atoms that would agree with this analysis is. 
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4 Atoms cai^n^ ' *=s 3 or per cent 27*9 

8 atom^ hydrogen y 4 ... 9*3 

< 1 atom'azoid, == 1'75 ... 16*3 

5 atoms oxygen. qp 5 ... 46*5 

10*75 , lOQ 

But lQi75 does not at all agr^ with Jhe atomic weight oi py- 
.t ruric aciS, a% deduced from the analy^ of the two pyrurates 

abowe Aated, namely, 47*5.* * 

• • 

' r. *" • 

SECTION TV ,—OF PARABANIC 4CID. 

This acid was discovered by Wohler and Liebig in I838.t 
They prepared it in the following wajJ: Uric a<ad was dissolv¬ 
ed by means,of beat in eigbjt times its wmght of moderately 
strong niiric^acid, and after all evolution of gas liad ceased, the 
solution was evaporated. At a certain point of concentration, 
it deposits colourless, lamellar crystals. Sometimes the whole 
liquid concretes into these crystals, anu sometimes they do not 
appear till after an interval of some time. These crystals con¬ 
stitute the parabardc acid of Wohler and Liebig. They may 
be purified by a second crystallization. 

The crystals uxe 8ix-ffl4®<l prisms, colourless and transparent, 
Afey have a strong acid taste, similar to tliat of oxalic acid. But 
parabanic adid is more soluble- in water than oxalic. The crys¬ 
tals do not foresee though exposed to the heat of 212°. They 
preserve their shape and transparency, but assume a red ^lour. 
When exposed to a stronger heat they melt; one portion is su¬ 
blimed while another is decomposed with the disengagement of 
fiy^HX^anic add. 

^ When the cold solution of parabanic add is mixed with ni¬ 
trate of silver, a white pulverulent precipitate falls, which is veiy 
much increased by the cautious addition of ammonia. The last 
formed portion of this precipitate is gelatinous. 

W he n ft^i« add is decomposed by oude of copper the volume 
of azotic gas evolved is to that of the carbonic add gas as 1 : 3. 
H&ice it^ follows that the atoms of azote and carbon in the acid 

are to each other as 1:3. . . * * 

Wohler and Liebig analysed parabanate of diver in order to 
ascertain the atomic w^ht of the add. This salt is insoluble 
in hot water; but, like most of the salts of dlvm*, it dissolves in 

• Ann. de Chim. et de Phys. xiii. 165. t 275 
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liquid ammoma and in, nitric aciHL* *"100 {Kurts oftL^ salt prepar¬ 
ed without ammonia yielded parts of oxide of silver. Hence 

it was composed of, * » • • • 

Parabamc acid, • 29*4 or 12*06 

70*6 or 29 s 2 atoms. 


Oxide of ^ven 

m ^ 




100*0 


100 parts of the saiqe salt, which had been thrown down by 
* ommonia, contained 70*11 ofl)xide of silter, and, therefSre^ was 
composed of) • * 

Parabanic acid, . 29*89 or 12*34 » 

OxidS of Ealver, *. 71*li or 29«=: 2 atoms. 


# 


• 100 * 00 " * 

The mean wtomic weight of parabanic acid deduced from these 
two analyses, (supposing the salt to contain two atoms ot exide of 
silver,) is 12*2. , 

The crystals of parab&nic acid were Analyzed three times sqo** 
cessively in Liebig’s laboratory. The mean result of *the8e an¬ 
alyses give the composition as follows: 

Carbon, * . 31*66 

Hydrogen, . , I’^S*" " 

* Azote, . • 24*62 

Oxygen, . 41*77 


100*00 

We have just seen that the atoms of azote are tet those of car¬ 
bon as 1 : 3. But if we were to calculate the number of a|oips 
on the supposition that 24*62 represented only 1 atom of azote, 
we would obtain 7*125 for the atomic weight. While from the 
analysis of parabanate of silver we know that the atomic w^ght 
b above 12. Itb dear from tlys tliat the acid must (K>ntain 2 
atoms of azote. Hence its constitution must be, 

Six atoms carbon = 4*5, or per cent, 31*58, 

Two atoms hydrogen =r 0*25 . 1*75 

Two atoms azote = 3*5 . ^24''56 

, • Six atoms oxygen =6*0 . 42*11 

14*25 • 100* 

Thb would makenhe atomic weight of parabanic acid 14*25. 
But the atomic weight deduced from the parabanate of silver b 
12«. The difference amounts to 2*05, or very ^jcarly two atoms 
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of water. It would appear, frOih this, that when parabanic acid 
is united with oxi^e of silver it^^pArts with two atoms of water, 
which are replaced bjrHwo atoms oxide. Hence the acid united 
with the oxide of silver contains no hydrogen, but is composed 
«jof0»^0* = 12. . 

*No other pw^banate but that o^ alver iiJ kpown. ‘ WTienever 
the acicUis placed in contact with a sol^ible base it h converted, 
under the in^uence of the most gentle heat, into oxaluric acid. 
When heated with other acids it undergoes no alteration. Nor • 
is iv ^d'tered when it% aqueous solution is boiled. 

. * *• 

* SECTION V.—OF OXALtJKIC ACIW. 

This acid also was discovered by JWohler and Liebig in, 
1838,* during their* important examination of mric acid and its 
compounds. , ^ 

Parsdianic acid, the preparation of which was given in the 
preceding igiection, is very a)luble in caustic ammonia, and the 
solution is perfectly neutral. K it be raised to the boiling point, 
and then'left to itself, it concretes on cooling into a white mag' 
ma composed ot small needles. This substance is oxalurate of 
ammonia* • If, to a hot concentrated solution of tliis salt in wa¬ 
ter, we add snlpharic or piuriatic acid, and cool the mixture as 
qufckly as possdble, oxaluric acid falls in a wllito crystalline 
powder. lt*may be purified by washing it in cold water, as it 
is but little soluble in that liquid 

Its solution has a decidedly acid taste, reddens litmu^paper, 
and neutralisyes the bases. The neutral oxaluratcs, when dis- 
i^l^ed in water, precipitate nitrate of silver in white fiocks, which 
£ssolve in boiling water, and crystallize on cooling in long silky 
jieedles. 

!^either'oxaluric*acid nor oxalurate of ammonia throw down 
any precipitate wheh dropped ^into dilute solutions of salts of 
time. Bu^ if we add an excess of ammonia, a white gelatinous 
precipitate falls, soluble in a great deal of water. 

If we boil free oxaluric acid in water till no crystals are de- 
pdfited oil (xmting, the acid is completely decomposed. The so¬ 
lution is veiy add. When concentrate, it first deposits i^rys- 
tals of oxalate of urea and then pure oxalic acid. 

When oxaluric add is decomposed by oxide of copper, the 
volumes oi azotic gas and carbonic add gas Obtained are to each 
other as 1 ^ 3, as is the case with parabanic acid. , 

K Ann. de Chim. et de Phys. Ixm. 276. 
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(p • # ^ 

The mean of two analyses Liebig's ladbor^ry gave the con* 
gtituents of oxaluric amd as folkars: , . , ^ 

• Carbon> 27*06 or 6 atoms = 4*6 or per cent 27*27 

Hydrogen, 3*07 w 4 atoms = 0*5 . 3*03 

Azote,* 21*05«or 2 atom8i=3*5 * . « 21*21^ , 

• ® 8*0 *.* 48*49 

100* . ^ 16*5 ‘ • • 100*^ 

*jk8 atomic weight is 16*5. It is easy to»8ee how, by bc^in^ it 
is decomposed into urea and oxalic acid. * * 

Oxalic acid is , C® H* Az® O®. 

2 atoms oxalic add are C* 

1 atom urea* . . C*H*Az*0* 

^ ^ • • 

Making together . C®H*!\z*04 ’ 

which is obviously an atom of oxaluric acid.* 

When crystallized oxaluric add unites to oxide of silv^, it 
parts with an atom of water, which is replaced by an*atom df 
oxide of silver. This is obvious from the compo^tion of oxalu* 
rate of silver. The mean of three analyses give 
Oxaluric acid, . 51*28 or 15*26 ^ 

Oxide of ^ver, . 48*72 >)r 14*5 = one atom. 

• 100 * 

The atomic weight of the add united to the oxide of diver is 
15*26fw»hile that of the crystals is 16*5; the difference^, 1*24, is 
very nearly an atom of water. Hence thff acid, when in com¬ 
bination with odde of diver, is C® H® Az* 0^= 15*375. TIhia 
constitution was confirmed by an analysis of oxalurate of diver 
by means of oxide of copper. ^ 

Oxalurate of ammonia crystallizes in sijky needles. l9is 
very soluble in hot, but little soluble in cold water. •When 
heated to 212* it loses no wdght. The mean of two analyses by 
means of oxide of copper gave, • 

Carbon, 24*07 or 6 atoms = 4*5 or per cent 24*16 

Hydrogen, 4*85 or 7 atoms ss 0*875 . % • 4*70 

• Azote, 28*08 or 3 atoms = 5*25 . 28*19 

Oxygen, 43*00 or 8 atoms = 8*00 . 42*95 


18*625 


100-00 
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This is obviou^^ l^itoia aci3, ^ .« C® H* Az* O® 

1 atom ansmonia, . H® Az 
• • ' « * 

* f C® Az® O®' 

When 8oli|taons of*oxalurate of ammonia and cl^oride of cal* 
cram are mixed, brilliant aStd, transparent mystala of oxalurate 
of limb are gradually deposited. With exftes8*of lime aifotlicr 
predjntate is obtaliH^ in a granular and yet gelatinous form. 
This^last compound may be prepared by supersaturating oxaln* 
rfc'acid with lime,^r by pouring some ammonia on crystallized 
'oxalurate of lime, Jt is soluble in a greAt quantity of water, 
and very sohible in dilute acids, even m acetic acid. 

Oxaluric acid is obviously a combination of two atoms oxalic 
acid with one of a^ea. * 

Two atoms oxalic acid, . C* ' O® 

One atom urea, . . C® Az^^O® 


^ * Constituting an albm of oxalurictacid, C® H* Az® O® 

It deserves attention that the oxalate of urea possesses also 
add characters. 

One 4tom of uric acid + 4 atoms oxygen may be resolved 
into 1 atom ufe^ 9- atoms carbonic acid, and 1 atom anhydrous 
^ parabanic acid, provided adopt the constitution of unc acid 
given by Ljebig. ** 


1 atom uricacid C^®H*Az* 0® 
4 atoms oxygen « 



1 atom urea, C® Az® O® 

2 carbonic acid C® O* 
1 parabanic add C® Az® O* 




O®H*Az^0i® 

Alloxane, heat^ with an excess of nitric acid, combines with 
two atoms of oxygen, and may be resolved into carbonic acid, 
paridMKiic add, and water. « 

latomalltaa»,eC»H*Az*0»> ^ 


• / 


C*H*Aa»0" 


CeH‘.^“ 



• AlloxAN ip acid^ 
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SECTION VI.—OP iitLLOXANI^ AGIO. * 

This acid was discovered Ijy yTdhler aiid*^iebig in 1838.* 
They prepared it in the following way i • * * » 

i^ytes water was added to hot solutidn of aUoxane.^ A 
precipitate fell, which* was k>luble by jsi geiKde heat On 
continuing tb add baiytes wafer, appoint was rpadhed at wliidi ^ 
the whole liqwov b^me muddy/^d being left to itself a ba¬ 
rytes salt was deposited, crystallized in white hearj^ plafes. This 
•salt assumed a«red colour when the solution happen^ to Cbntain 
a little alloz|intin. The liquid which cover^ these crystals ^tcss 
an aqueous solutioibof the same salt, and contained nothing else^ ^ 
This salt was aUmanate of harytes, * ^ 

. We obtain the same precipitate, though not quite so pure, 
when we add chloride of tbanum |o a solution of ^dloxane, and 
then pour in % little ammonia. The salt in 4hat case is deposdt- 
cd under the form of a thick gelatinous magma, which is com¬ 
pletely dissolved by the addition of a great heal of water, or by 
a dilute acid, liowever weak. • • 

A similar salt is formed when alloxane is treated in the same 
way with strontian or lime water, or by chloride ef strontium, or 
of calcium and ammonia. The strontian salt scarcgly differs 
in appearance from that of barytes. The salt gf Jime presents it¬ 
self in the form of grtuns or short traiisparent prisms. All thes^ 
saltg contain water of crystallization, which they lose when 
heated to 248*. Alloxane does not precipitate nitrate of silver; 
but, i^e add ammonia to the mixture, a white precipitate falls, 
whicl^ecomes yellow by boiling. • 

Alloxanate of barytes is easily decomposed by sulphuric acid, 
and the alloxanic acid obtained from it in a state'of purily. * * 
Alloxanic acid possejKb considerable power. It decom¬ 
poses the carbonates and acetates with facility. When eva¬ 
porated to the consistence of a tyrup, it erys^lizes in a*iew 
days into a hard nuhated ma88,Vhich does not absorb mmsture 
from the atmosphere. When combined with barytel it forms a 
salt prerisely similar to that from which it was obtained. With 
^rnmnnift it forms a crystallizable salt Oxide of silvm* dissokes* 
in ip and when the solution is dried it resembles P;frm in appear- 

* Ann. de CHum. ct de Phys. Ixviii. 284. 

I This substance, which is obtained by treaSng uric acid with strong nitric 
acid, will be described in a subsequent chapter of this volume. 
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ance. Alloxuoate of^ammoaia precipitates the salts of edlTep 
wMte. The free Wd dissolves zinc with* the disengagement of 
hydrogen gas. Sulphuretted liydrogen has no action on it 

Alloxanate of silver was analysed in Liebig^s laboratory. " It 
^ was formed by fixing together solutions of alloxane, ammo- 
*nb, Und nitrate of silver. It, became gray when dried, and was 
found cpmposed of, T ^ 

, ' Alloxaijic acid, * . 3*fe*53 or 18’17 

, Oxide of siWer, . ^ 61*47 or 29 = 2 atoma 

'' * —. 

'* it 

100* 

The atomic wdght by this analy^ is 18*17. 

When the salt was decomposed by oxide of copper, the azotic 
gas and carbonic ^id gas evolved were to each other as 1 : 4. 
The mean of two analyses in Liebig’s laboratory gave, 

Garbou- * ’. ' 12*91 or 8 atoms = 6*0 or per cent 12*84 

Hydrogen, . * 0*68 or 2 atoms = 0*26 . 0.54 

Azote, . 7*53 or 2 atoms r- 3*5 . 7*48 

Oxygen,* . 17*41 or 8 atoms = 8*0 . 17*11 

Oxide of silver,' 61^47 or 2 atoms = 29.0 . 62.03 

< ——— ■" 

, , 100*00 46*75 100.00 

^ This makes the ooxistitufion of the acid IP Az* s 17*75. 
Doubtless the crystallized acid contained two atoms of water, 
which were repla^ in the salt b^ two atoms of oxide of silver. 
Hence the constituents of the crystals must have been G* H'* 
Az*Oi® = 20. 

Alloxanate 'of mlvmr deflagrates at a temperature much be- 
Idw iedness. The residue gives out ^ considerable quantity of 
<^anic acid. 

AUoxanate of Bcaryte *.—^This salt, prepared in the way de¬ 
scribed in the, beginning of this section, constitutes short trans¬ 
parent pAsms or a precipitate iif brilliant crystalline plates. It 
loses watm'^when heated to 212®. The crystals then become 
opaque* and milky-white. When decomposed by oxide of copper 
ibft.7olu]nas of azotic and carbonic add gases evolved are to each 
otiier as 1:3.* When heated to 248^ it lo0e82O per cent of water. 

100 parts of the salt were found to contain 49*35 of baryttis. 
This was the mean of two^analyses, the first yielding 49*25, the 
second 49^6 pw cent , 
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, * Allox ANic acid^ 

^ 6 

Ir When decomposed ^ oxide of ebpper^the voldhie of axotic 
gas was to that of carbonic acid ^ as 1: 3. 

The mean of two analyses,* t^e first oKidenf coppm‘, tile se¬ 

cond by chromate of lead, gare following constituents of the 
' 4Ht: * ‘ 

Carbon,* 14*26 or 8 abmswc= 6 or per gent 15.84 “ *’ 
•Hydrogen,. Lrl 7 or 3 atoms 0*375 ! 0.88 

Azote, 9*21 or 2 atoms = 3*5 ^ ^ 9**24 

• Oxygen, * 26*o/ or 9 atoms ss 9*0^ . * 23*73 . 

Barytes^, 49*35 or 2 atoms =r 19.b ^ . 50*17* ^ > 


‘ • 37*876 ^100. 

, According to this anal;^6 the atomic weight of allozanic acid 
is 18*875. But it was afterwards found, that irhen the salt was 
heated to 302% it lc»t 2 per cent of water, which is nearly equi¬ 
valent to one atom. Hence the atomic wei^t of the* ^d is 
17*75, and its constitution C* IP-Az* O®, and*alloxanate ofbary- 

^68 da • 

^ ! 

1 atom alloxanic add, . 17*75 * 

2 atoms barytes, . 19** 


33*75 

Alloxanate of StrotUiatu —This salt may 1^ prepared in the . 
same»way as alloxanate of barytes. It is in the fofm of small 
acicular transparent ciy^stals, coptaining water of crystallization. 
Whei^ecomposed, the volumes of azotic and carbonic add gases 
obtained are to each other as 1: 3. At 2i8° it Imes 22*5 per 
cent of water. 100 parts of the crystals left when ignited, 45*16 
of carbonate of atrontian, equivalent to 31*73 of strontiKn.'* 
Hence the constituents of the salt are. 


Alloxanic add. 

45*77 or 1 atom = 17*76tor per cent 44*66 

Strontian, 

31*73 or 2 atoms = 13.06 

32*Vo 

Water, 

22*50 or 8 atoms =; 9*00 

. ^ 22-64 

1 


39*75 

loa 


AUoxanate of lAme ,—When we add chloride of calcium to-itf 
Bolutiqn of alloxane, no predpitate &lls until amih6nia be ad¬ 
ded,* winch occasions the separation of a thick gelatinous dq>o- 
«t^ very soluble in acetic add, and becoming crystidline when 
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• f * C 

left to itself. was analy^Sdby Wohler and Liebig, and fouHi 

onfruvioArl ^ 

c I atOmtdlol&iucadd,'(C*H> Az>0‘) 17-75 
2 atoms lime, c * > 7*00 

2 atoms water, . * * . 2*25 

• . • • S _ 

• • * _ ft 

. , ^ . 27. 

► Now alloxaiie is €® H* Az* O® + 2 (HOJ. Hence it would ap¬ 
pear, Ihat when allois^e combines with a base, it divides itself 
inte one atom of aUoxanic acid, and 2 atoms of water. 

r ^ 

^ SECTldN vn.—OI^MYCOMELIC A:nD. 

When a gentle heat is applied to % mixture of ammonia and 
alloxane, it becomes yellow, and when cooled and concentrated 
it concretes ^to a fellow jelly. This jelly is a combination of 
ammonia and anew acid, which Wolder and Liebig, who discover¬ 
ed it, hav§ distinguished by the name of mycrnneUc acid* 
r If we employ concentrated solutioiib of alloxane and ammo¬ 
nia, there generally separates, as soon as we apply heat, a heavy 
yellow powdei^ which is the same combination. When the li¬ 
quid assvmes a red colour alloxfi&itin is present. 

Mycomelatoi of ammonia dissolved in hot water and treated 
• with an excess of dilute sulphuric acid, gives a transparent gela¬ 
tinous predipitate of mycomelw add^ which when washed and 
dried assumes the form of a ye^ow porous powder. We obtain 
the same add directly if we supersaturate a hot mixture of 
alloxane anj} ammonia with dilute sulphuric add, and boil the 
nuxture for a few minutes. 

^ycomelic add is veiy little soluble in cold water, but rather 
, more soluble in hot water. It reddens vegetable blues and dis¬ 
solves in ammoniif and the fixed alkalies, but does not form with 
them ^stallizabld salts. Mvcomelato of diver is yellow and 
flocky. It may be obtuned by mixing together solutions of my- 
comelate of ammonia and nitrate of diver. The mixture may 
be boiled without in the least altering the nature of the salt 
* ^ Myooftielic add|, after being dried in the temperature of 248% 
was decomp(£ed by means of oxide of. copper. The volipie of 
azotic gas evolved was to that of the carbonic add gas as 1*: 2. 
1%e constituents of th^add were found to be, 

* Ann. de Cbim. et de Pltyi. IxvUi? 295. 
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> »• 

(>arboB» 31*06 or 8 atonift = 6 or f>er ^!ni^ 2'21 
Hydrogen, 3.57 or 5 atdna^s 0*625 ” . 3 * 35 } 

Azote, 36*24 or 4 a^boioB sr 7*0 ^ *^ 37.59 * 

Oxygen, 29*13 or 5 atome = 5*0 . 26*85 


ioo*po' 


48*625 


..too- 


l%e differedte^ betfvreen |he expenmeatal and ealciilid>6d re¬ 
sults in lliis case are rallier too great This difference Wohler 
and Liebig ascribe to the present of a litd^«ramt&* in tbe j^t, 
m hich is a p^uct of the decompositioD of alloxantin by an- 
Tnonia. * 

It is easy to expliun the formation of mycomelic «cid. One 
alpm of alloxane and two 4f ammonia are decomposed into one 
atom of mycomelic acid and five atocns of wat^Ti^ 

1 atomalloxane/!>^H*Az*0 ^Cl atom mycpmdia * 

2 atoms ammo- >= -J acid, C® H* Af* O® 

I^As* * v5 atoms water. Hi O* 


nia. 


C®H*«Az*OW 


C® Ax* 0>* 


Dry mycomelic acid possesses exactly the same compositto]i 
as allantoin when united to oxide of silver. * 

Wohler and Liebig attempted to deteonine.thb atomic weight 
of this acid by analyzing mycomelate Of alver, bat tlmy did not 
consider the results which they obtained as deserving of confi¬ 
dence; because the yellow gdatioous precipitate obtained by 
mixing jg^trate of silvm* with mycomelate of ammonia changes 
its colour even when wadmd in the dark. It Uboomes brown, and 
when dried on the water-bath assumes the form of a hard gre^ 
mass, giving an olive coloured powder, not completcdy soluble in 
ammonia. They obtained from this salt by combustion 44.39 
per cent of silver, equivalent to 47*68 of oxide of silver. This 
would make the salt, , 

Mycomelic add, 52*32 to* 15*91 

Oxide of silver, 47*68 or 14*5 =s 1 atom. • 


• * 

100 * 

Accordqig to this analysis the atomic weight of mycomelie ai^ 
Ib 15*91. The difference between this weight and that of die 
bydrouB acid is 2*715, which is more than two atoms of water. 

Tills BubstsBce will be described in a subseoueat cbsfitac of this wade. 

• D 
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* 

Were we to adipit iry the fiydl^iis acidjtwo atoms of water, its 
constitution would be C® H® O® 4- 2 (HO), and its atomic 
weiglit in th^ adhydirous state wotdd be 16*375. But analogy 
would lead to the inference that the hydrous acid contains only 
one atom of water, and that its atomic weight is 17*5. 

* When mycpBaelatc of silver is heated by^ itself,,it gives out a 
great dpal of cyanate of ammonia, which, when dissolved in wa¬ 
ter and evafiorated, becomes urea. There is formed besides a 
crystalline substahee^^ having a peculiar smell, and coloured red 
b)i>another rnatten^ 

.. SECTION vra.-OF D1ALI7R1C ACID. 

We owe the discovery of this acid also to Wohler and Liebig * 

When a ourrenfof sulphuretted hydrogen gas is passed through 
a solution of alloxwe, this last substance is converted into allox- 
antiif. If we continue the current of sulphuretted hydrogen 
through the boiling solution after all tlie alloxanc is converted 
> in& alloxantin, there Is a new deposif of sulphur, and the liquid 
becomes decidedly acid. If, after all the alloxantin is decom¬ 
posed, we saturate the liquor with carbonate of ammonia, a great 
quantitjf of white crystalline matter falli^ consisting of dialuric 
add united td dmjnonia. 

We may obtain the sathe salt in abundance % dissolving uric 
acid in dilute nitric acid, and mixing the liquid with sulphohy- 
drate of ammonia, taking car# that there is left in the liquid a 
slightly acid reaction. The precipitate (which contains ■^ilphur) 
is to be washed, dissolved in boiling water, and treated with car- 
. lionate of ammonia. On cooling the liquid concretes into a 
white crystalline mass. 

If we reduce (dloxane by means of zinc and muriatic acid, and 
after separating the crystsds formed, we treat the residue with 
carbonate of ammonia till tlje oxide of zinc, at 6rst precipitated, 
is agam redisBolved; the same salt is deposited, provided the mix¬ 
ture be left for some time in a state of repose. 

^ This white precipitate becomes red when dried at the common 
temperature At 212* it becomes blood red without losing am¬ 
monia. It is very soluble in boiUng water, but is mostly depo¬ 
rted again when the tjplution cools, especially if we add carbonate 
of ammonia to the liquid. 

♦ 

* Ann. de Chim. et dc Pbj«. Ixviii. 263. 
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DiALUmcf acid, 

Its solution precipitates salts of bdrytA, wliite; salts of lead 
in yellow docks. The predgilata become vi$>let when eayposed 
to tjie air. The salts of silver are immediately reduced by it. 

When decomposed oxide 6 f copper the volume of azotic 
gas evolved is to tiiat^of the carbonic acid gas 89 3: 8 . ffl^ « 
mean of three analyses made in lidblg’s laboratory by means of 
oxide of copper ^avb • • • * 

Carbon, 31*27 oa 8 atoms = 6 or per odnt 29*§2 
• • Hydrogen, *4*49 or 7 atoms = 0*875** ... 4‘34* 

Azote, • 27*36 or 3 atoms = 5*25 • ... 26*09* 

Oxygen, 36*8?or 8 atoms ^ 8*00 , ... 39*75 

• 100 • 20*125 100* 

If from C® Az® O® we ‘subtract* H® Az, or *an atom of am- 
monia, the reminder C® Az® O® must give us the constitu¬ 
tion of dial uric acid. Its atomic weight is 18. We may* con¬ 
sider it as alioxane minus* 2 atoms of oxygen, or alloxantin minus 
1 atom oxygen and 1 atom water. « * 

Dialurate of ammonia dissolves in potash with t^e disengage¬ 
ment of ammonia. The acids ^row down nothing from the so¬ 
lution. * 

The attempts of Wdhler and Liebig to obtain (fialuric acid iij 
an isolated state were unsuccessful. *When separate from its 
base ilPis decomposed with great facility into a great number of 
products which have not yet beeir accurately examined. 

* There is obviously a mistake in the numbers given4n Liebig*^ paper, (An- 
nalen der Pbarmade, xxvi. 277.) The data given, 

1st. 0*5095 grammes of dialurate of ammonia gave 0*215 water, and 0*5lk * 
carbonic acid. 

2d. 0*490 of the salt gave 0*163 water and 0*5685 carbonic acid. 

Sd. 0 977 gave 0* 455 water and 0*404 carbonic add. * ^ 

0*455 water in the third experiment is probably a typograflhical error fw 0*155. 

But 0*5095 of the salt furnished less carbdhic add than 0*480. Thia Aust be 
a mistake, which affects the quantity of carbon, which of course actdhipon the 
asote and the oxygen. Liebig’s numbers are 

Carbon, . 29*880 

Hydrogen, . 4*406 

Axote, . 25*918 

• • Oxygen, 89*851 

100 *" 

Numbers coming very near those deduced from the formula C* H* Ax* O*. 



ANIMAL XciDS CONTAINING* AZOTE. 

• • • 

Wh^ dialuraie of funntonia is moistened with dilute sulphuric < 
acid, that acid combines with the ammonia, and a matter scarcely 
crystalline remain^, which, when dissolved in water, disappears 
altogether before it can be fredd from sulphuric acid. The water 
employed iUsWashing it deposits,«after an interval qf some hours, 
transient add brilliant TSi^stals of alloKantin» The li(|uor 
freed ipom sulphuric acid Uy carbonate of*bar5^tes, and concen- 
tratei^, gives a mother liquor, which, being mixed with nitric acid 
aii^sset aside for some hours, Joes not deposit'nitrate of urea*; 

^ bill; it concretes iifto transparent prisms similar to«oxalic acid. 

Dialurate of amqionia dissolved in hot ihuriatic acid gives on 
cooling a rihmber of crystals similar.to those of alloxantin, but 
differing decidedly in their shape. •The muriatic acid solution 
contains urea. * * • 

After luwing saturated a boiling solution of afloxane with sul¬ 
phuretted hydrogen, and after ascertaining that the whole allox- 
ane had* been converted into the new product, the liquid was 

* concentrated in a retort out of the contact of air. On cooling 

there was deposited a thick white opaque crust, having brilliant 
facets. This crust became red j^hen dried. It was very soluble 
in cold water, had an acid reaction and taste, reduced oxide of 
silver, gave wilh iarytos a violetrcoloured precipitate, and with 
carbonate of ammonia, a*litt1e ammoniacal salf after an interval 
of some time. • 

When it is dissolved in boiMng water or muriatic acid, the so¬ 
lution, on cooling, deposits transparent crystals similan4o allox¬ 
antin. The mother liquor scarcely, if at all, reduces the salts of 

* flilver. On the addition of ammonia and nitrate of silver, it 
gives a white precipitate which, by the action of heat, becomes 
dark-purple, wifjiout being reduced. This mother water gives 
h white precipitate with barytes water. 

Wbhler and Liebig ^stinguish, by the name of urile, the hy¬ 
pothetical substance which they suppose to constitute uric acid, 
when combined with urea: And it has been stated in a preced- 
^ ing sq^tion of this chapter, that they consider the constitution of 
nrile to berC® Az® O^. Now 

If to one atom urile . . C® Az*« O* 

We add foiu* atoms water, . H* O* 


We obtain an atom of dialuric acil, C® Az® O® 
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SECTIOI4IX.—OP THIOWURK ACp. • 

This remarkable acid was ^dsoovered bv Techier and Liebig 
during their researches on uric acid in 1833f* * 

If we add sulphurous acid to a told saturated solution of allox- 
ane, it loses iits smell. , When ^to such a solution, ^containing a ' 
slight excess of sulphurous acid, we add as much kmmonia as wib 
saturate the acfd. Heat the mixturd, and ke^ it boiling for a 
short time, it deposites on cooling a considerable quanfty of 
brilliant quadrangular plates. Tlie besl> method of prepanng 
this substiince on a large scale, is to take stflphate of ammdhia 
previously mixed ^inth an exce^ of carbopate of ammonia, to 
add to it a solution of allqxane, to raise the mixturd to the boil¬ 
ing point, and keep it boiling for half an hour. The salt thus 

obfciined is a combination of thionuHc acid an& dmmonia. When 
• • • •* * * 
dry, it is in thin plates liaving a strong pearly lustre, soluble in 

water and again crystallizable without .any other alteration than 
the assumption of a red colour. At 212®, its loses its* water and 
becomes rose red. , ♦ 

Dr Gregory of Aberdeen has given the followjng process as 
the easiest for preparing thipnurate of ammonia. Take a 
pretty strong cold solution of alloxan, add to it half ills volume 
of a strong solution of sulphite of aminonia, witfi a little free am¬ 
monia, boil for five minutes. On cooling, a large ^quantity of * 
thionbrate of ammonia is deposited in beautiful silvery scales. 
They are to be slightly washed find dried by pressure. 

If %e raise the aqueous solution of this salt to the boiling 
temperature, and pour into it a solution of acetate oMead, a gela¬ 
tinous precipitate falls, which, on cooling, assumes the form of fin» 
needles, arranged concentrically, and having sometimes a white, 
sometimes a red colour. This is thionurate ofl^ad. By mixing it • 
with water and jiassing a current of sulphuretted hydrogen gas 
through the mixture, the lead is •separated, while the a»id dis- 
solvfes in the water. On evaporating the aqueous solution in a 
gentle heat, the acid is deposited white and crystalline, though 
the shape of the crystals cannot be determined, ^ ^ 

Thionuric acid docs not absorb moisture from thc«atino6phere* 
It has a decidedly sour taste, and reddens vegetable blues. 
When we boil its aqujsous solution, the qpid is decomposed, being 


* Ann. Chim. et do Phys. Ixviii. 2j3. 
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converted into et^lphuric acid and uramik* It becomes muddy 
during the boiling, and concretes into a silky mass of mramile, 
while*the sulphuric ^a&d remains dissolved in the water. , 
Though thionuric acid conl&ins sulphuric acid, yet the or- 
» dinary reagents are incapable of detecting that acid^n thionurate 
ammonia* 'The salts of barytes throw down a 4,hick, flocky, 
gelatinbus precipitate, which is soluble in Ihurhitic acid, 'flie 
salts of lead behave in the same manner. • 

A ^lulion of thionurate of ammonia mixed cold with muriatie,* 
sulphuric, or nitric‘ncids, undergoes no alteration ^at the com¬ 
mon temperature, but when boiled for a few ^minutes, it becomes 
muddy, and ‘concretes into a wlute magma, consisting of micro¬ 
scopic needles, having a satiny lustrv*. • This precipitate containc 
no sulphuric acid; but eonsiste of urabiile. After this decom¬ 
position,’the csulphuric acid may be discovered in the liquor by 
the usbal reagents*. 

The thienurate of lead being analyzed in Liebig’s laboratory, 
•was fouqd to be composed as follows; * 

Carbon, . 10*83 or 8 atoms = 6 or per cent 10*7 

Hydrogen, . 1*04 or 5 atoms = 0*625 ... 1*1 

Azote, . 0*47 or 3 atoms =: 5*25 ... 9*3 

Oxygen, *. * .tO'HS* or 6 atoms — 6*00 ... 10*7 

Sulphuric acid, 18*05 of 2 atoms =: 10*00 * ... 17.9 

Oxide of l(^d, 49*78 or 2 atoms = 28*00 ... 50*3 


55*875 W)0*0 

If we admit, with Wohler and Liebig, that the salt is a dithi- 
•nwate, it is obvious that the constitution of thionuric acid is 0“ 
H’ Az® O® H- 2 (S O^) = 29*875. This conclusion was con- 
‘ firmed by a careful analysis of thionurate of ammonia. Between 
the^tube filled with i^hloride of calcium, and that containing the 
caustic ^tash, a tube was intesposed filled with peroxide of lead. 
This perociide absorbed the sulphurous acid given out, and con¬ 
verted it into sulphate of lead. The mean of three analyses gave 
•.thp constituents of the salt as follows: 

. * / 

* This product of uric acid will be described in a subsequent chapter. 
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Carbon, . 

17*84,or 

8 atoms =s 6» or per cent 17*45 

Hydrogen, . 

4*90 or 13 atoms = 1*62^ 

4*72 

Azpte, . 

26*01 or 

5 atoms =: 8**750* *... 

'*25*45 

Oxygen, 

22*78.or 

8 ^itoms = 8*000 

23*28 

Sulphuric a<^d. 

28*47 or 

« 

2 Si^oms = 10*000 

•• „ * “* 

2,9*10. 

•) 

' ' ?00* 

i. • 

• 34*375 

. *100 


If from the preceding ^constituents, C" Az^ O® -|- 2 (S O®) ' 

‘We subtract V atom thionuric'acid, C® Az^ O® -j- 2 (,S’0^) 

• > ■■■ ■ , m 

There will remain,* . . H® Az® O* * « 

From this renuiiiider subtract 2* atoms • 

• water, . . • . O' 

• • -i-.- 

There will reitiain, . . H® *Az^ which* is equal 

to 2 atoms ammonia. * • 

So that thionurate of ammonia (;onsists of « 

1 atom thionuric amd, C® H’ Az® O® 2 (S ,0)* * 

2 atoms ammonia, . II® Az- 

2 atoms water, . » 

_ • _ 

C® Az'^ O® ^*2 (S O") 

W e sec that’ hydrated thionuri(^ adld contains tw'o atoms water,* 
or ifis C® W A?} O® + 2 (S 0=*) = 32-125. 

Thionurate of lime is obtaiiiad by mixing together hot solu¬ 
tions* thionurate of ammonia and nitrate of lime. It separates 
under the form of small short prisms, haviifg a satiny lustre. It 
is eomj)osed of 

1 atom thionuric acid. . 29*875 

2 atoms lime, . . 7*000 


. 36*875 , 

Thionurate of riwc constitutes small aggregated crystals, which 
have a lemon-yellow colour. It is very soluble in water, and is 
obtained by mixing a salt of zinc with a solution of thionuratepf 
ammonia. «• 

A hot solution of thionurate of ammonia mixed with sulphate 
of copper gives a brown precipitate, apprpaching to yellow, which 
is obviously protoxide of copper. By the action of heat, it dis¬ 
solves completely into a yellowish-brown liquid, and separates 
again on cooling in an amorphous state. 



56 ANIMAL ^CIDS CONTAINING*AZOTE. 

*• • f 

When thionuri||e o^axnmonia is mixec^with nitrate of silver, 
the oxide is reducM to the state, and the silver is depo¬ 

rted On the idside of Che tube, ^vil^ it the appearance of a mir¬ 
ror. • 

• Xbionurate of barytes, recently, prcdjntated, evep from a di¬ 
lute solution, ^las the form Of ^ gelatinous mass, which gradually 
becomes ppaque and crystaUkie. When boMed with nitric acSd, 

> this salt gives snljlhate of barytes, and n(^ sulphuric acid remains 
frees ^*This shows tha\the salt is*a compound of'one atom thio- 
nmw acid and two ^toms barytes. 

‘ The formation of thionuric acid from alloAane and sulphurous 
acid is easily»explaincd. 

I atom alloxane is . #0® A?? 

1 atom ammonia, • . * IP Az 

2 afoma sulphurous acid, . • 8^ 

« _ 

Making altogether, . C® IP Az® 

* 1 atom thionuric a6id, . C® Az® O'* S* 

2 atoms water, . . IP O* 


MaKing together, . * . C“ H" Az® O'* S* 

From this wt Sec^thatetwo atoms sulphurous acid and one atom 

* of ammonia unite with one*atom of allophane, ahd the product 
is one atom of thionuric acid and two atoms of water. 

Wohler and Liebig seem to be of opinion that the sulphurous 
add in thionuric acid is converted into sulphuric acid. Bu> there 
seems no evidence fefr this. We see only that the elements of 
iw% atoms sulphurous acid and one atom ammonia unite with an 
atom of alloxane, and form thionuric add. If it existed in the 

• state of sulphuric acid, barytes surely would be able to detect its 
prosence. But we have seen that this is not the case. 


SECTION X.-OF URAMILIC ACID. 

This acid also was discovered by W^ler and Liebig during 
^|heir important investigation of uric acid and its products in 
•1838.* 


• # 


It may be obtained by mixing a cold solution (A thionunate of 
animonia with a small quantity of sulphuric add, and evaporating 
the mixture in a gentle heat. The vramile separates by little 


• Ann. de Chim. et dc Phys. lxviii.308. 
.*1 
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Olid little, and is then decomposed by the acid. The solu¬ 
tion, when concentrated, becdm^^ yellow, and in twenty-four 
hours crystals of uramilic acid are deposited. The success of this 
process depends upon the quantify of acid added to the thionu- 
rate of ammonia. With too little sulphuric acid, we obtaic by 
evaporation a pap of small flocky of^stals, which are white, very 
confused, and obnsist of Inthionurate of ammonia. It is 'always 
more advantageous to 4 >repare this salt first. For we obtain a 
t^usiderable quantity of uramilic acid by^ dissolving it anew in 
sulphuric acid and evaporating. 

If we employ too' much sulphuric acid, we do not obtain a 
trace of uramilic acid, but when the liquid is left Ibng exposed 
to the air, transparent crystals are deposited, which have the form 
and the characters of dimorphous alloxantin. These crystals are 
oblique four-sMed prisms, belonging probably to Ae trimetric 
systems. They are formed of the four faces distinguished by M. 
G. Rose by the letter and terminated by a perpendicular 
plane. This base is so large in proportion to the faces g, that 
the crystals have the form of tables. The obtuse angle of the base 
is about 121°. Alloxantin, ftpm the dialurate of ammonia, lias 
the same crystalline form. The crystalline shape of alloxantin 
is also an oblique four-sided prism belonging ?o’the same sys¬ 
tem ; but the obtuse angle of the base is only 105°. ^ 

When uramilic acid is deposited slowly from a moderately 
concentrated solution, it forms «pretty large four-sided prisms, 
which>are colourless and transparent, and have a ntreous lustre. 
From a hot saturated solution, it crystsLllizes iif fine silky 
needles. When dried by means of heat, it assumes a rose-ned* 
colour, without losing any sensible weight. Its solution in water 
has a feebly acid reaction. It combines with.ammonia and the 
fixed alkalies, and forms with them crystaUiz 9 .ble salts. The ssdta 
of lime and barytes are not decomposed by free uramilic acid, 
but the addition of ammonia determines the precipitation of thick 
white matter, which is again dissolved by the addition of a great 
quantity of water. Uramilic acid does not throw dow]^ nitrati* 
of silver, but if we previously combine the aefid vdth ammonia, 
we obtain a thick white bulky precipitate. 

Uramilic acid dissolves in concentrated sulphuric acid without 
the evolution of any^gas or any change of colour. When long 
lK>ilcd with dilute sulphuric or muriatic acid it undergoes an al* 
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teration. Th« li^uidf aft^ a certain acquires the property 
of precipitating barytes water violet, whereas at first it gives with 
it a ifhite precipita^.* The acid liquor gives crystals of diijaor- 
phous alloxantin. * . • 

» The reaction of uramilic and .nitric acid is remarkable. It 
dissolves in thatr acid at hrsf jpvithout the evolution of any gas; 
but if boil it with concentrated nitric acifl, nftrous acid is Jis- 
enga^ed. The lujiud becomes yellow when concentrated, and 
givhs^a notable quanVty of white crystalline plates, which are 
soluble in hot watdl* and crystallize on cooling. With this they 
*form a yellow solutiqp and acetic acid throv^ down a white pow¬ 
der. This flew substance has not bpen sufliiciently examined. 
It resembles xanthic oxide, ‘ 

When uramilic afeid is heated with oxide of copper it furnishes 
azotic and carbonic acid in volumes, which are to'each other as 1 
to 3*2'. The acid being subjected to an analysis in Liebig’s labo¬ 
ratory, the constituents obtained were the following:— 

Oarbpn, 31*64 or *16 atoms = l5 or per cent. 32*43 

Hydrogen,^ 3*63 or 10 atoms = 1*25 ... 3*37 

Azote, . 23*07 or 6 atoms^rr 8*75 ... 23*65 

Oxygen, 41*66 or 15 atoms = 15*00 ... 40*55 


100*00 • 37 ’ 100*00 

These atomic numbers were pitched upon by Wohler and I^ebig 
from a supposed relation between uramile and vrarniUc acid, 
Uramile is C« W Az^ 0». Now from • 

2 atoms ttramile, * . . . C*® IP® Az® 

• ^Subtract 1 atom ammonia, . . IP Az 


*We have ,. 
A.dd 3 atoms wa,^er, 


C'® Az® 

IP O'* 


9 • - 

And we get . . . C*® H’® Az® O*® 

which is an atom of uramilic acid. 

Liebig attempted to determine the true atomic weight of ura¬ 
milic acid by# analysing uramilate of silver. But in drying the 
salt it was accidentally exposed to too high a temperature, and 
became black. This made the proportion of silver in the salt 
greater than it ought to have been. It wa^ composed of 
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UramilvD acid, * *.* -j 23*p8* 

Oxide of silver^ . . 76*92 

_ 1 __ ' » 

100 * 

1 a 

If wc admit that in uramilic acid the three atoms water su^ti- 
tuted for ammonia and the two atoMs of water in the two atoms 
of uramile are replseced by 5 atoms? of oxide of silver, ^Me con¬ 
stitution of the salt would be, * * 

Acid, . . . * 31*375 or per cent 30*29, * 

Oxide of silver, . 72*5 ® 69*71 


‘ 100 * 

Now this does not deviate wery far from the result of the analy¬ 
sis of uramilate of silver. * > ’ * 


SECTION XI.-OF HIPPURIC A^ID. ** 

This acid has been described in the Chemistry of* Vegetable 
Bodies^ (p. 46.) No adcfitional facts respecting this aci^, so far 
as I know, have been discovered since the publication of that 
volume, except the formation of hippuric ether, an account of 
which will be given in the appendix. 

Its constitution is = 21*25. • * * 

• SECTION XII.—OF CHOLEIC ACII). 


This acid constitutes the greatest part of ox bile. It had been 
considered as an acid by the older chemists and physiologists. 
Berzelius gave it the name of biliary mattef, and Thenard that 
of picromel. But from the recent analysis of ox bile by M. lie- • 
mar^ay® it appears that the old opinion advanced by Cadet, that 
bile is of a soapy nature, is after all, the true^ one. Demar^ay 
has showm that the essential constituents of b^e are soda, and an 
oily acid to which he has given th^ name of choleic,^ This acid 
may be obtained pure from ox bile by the following process;— 
Evaporate the bile to dryness over the steam-batli and digest the 
dry residue in alcohol. The choleate of soda will be dissolv^, while 
the mucus mixed with the bile is left behind. Distil off the al¬ 
cohol by a steam heat, and dissolve the residue in water. To 


* Ann. de C'liiro. ct de Phys. Ixvii. 177. 
t Prom bile. • 
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this solution add^ ii|Lich*sulpfiuric acid, as will exactly neutrar' 
lize all the soda in the solution^ ^sest for two days in a mode¬ 
rate Ubat, agi&ting frequently. Then evaporate to dryness over 
the water-bath, and digest the*5fesidue iq alcohoL The choleic 
acid is dissolved while sulphate pf soda in crystal^ remains be- 
^nd. Finally,' distil off the^ alcohol, substituting water, and 
evaporating to dryness over* the steamrbath.* • 

Choleic acid thus obtained possesses the following properties : 
It Ts A yellow, spongy, pulverulent matter, which rapidly absorb# 
moisture from the atmosphere. Its taste is very bitter, with an 
impression of sweetness. Its powder irritfftes the nostrils and 
throat It is insoluble in ether; but very Soluble in alcohol, 
and pretty soluble in water. • • 

It cannot be distilled without decoUnposition. Wlien heated 
it melts,* swells up and burns with flame, giving ^ut smoke and 
leavii% a bulky charcoal, which may be burned completely witli- 
out leaving any residue. It melts imperfectly at 248°, and is 
'"not'decomposed till healed considerably^ above 400®. 

Its solutions redden litmus-paper, and decompose the alka¬ 
line and earthy carbonates with effervescence. But in this 
way we*can form only bicholeates. The choleic acid thus 
combined with h base is prccu|i|atcd by acetic acid; though 
that acid does not act on bile, ^^le acids thrdw down choleic 
acid in flocls, which soon collect into a brown viscid fluid. Mu¬ 
riatic, sulphuric, and phosphoric acids decompose it into cholmdic 
acid and taurin* Nitric acid decomposes i^ dcutoxide azote 
is evolved, mnd a peculiar white substance formed. The caus- 
•tif fixed alkalies decompose it into cholic acid and ammonia. 

M. Demar 9 ay analyzed it by oxide of copper and obtained. 



Carbon, 

62*82 

t 

, Hydrogen, 

. 8.91 

c 

Azote, . 

. 3.30 

% 

Oxygen, 

24*97 


100 * 

lie analyz^ choleate of soda, and obtained for the atomic 
wmght of choleic acid 50*213. The number of atoms which agree 
best with the atomic weight and analysis are, 

* The choloidic acid was described in the last chapter. Taiirin is a erystal- 
line suh'<ianc' ol»i .tined from bile, which will be described in u subseq.uent chap- 
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‘choleic A:id. 


41 atoms carbon, 

33 atoms hydrogen, 
1 atom azote, 

12 atoms oxygen. 


H • ^ 

=; 30*75 or|)er <tent 63*23 
^ ^4*125 8*48 

”= 1*75 • • 3.60* 

= ^2*00 *... 24*69 


()1 


. * 48^25 *. 100 * ‘ 

If we sup{^s<f thd acid in the chcdeate of sodaanalyz^ to re* 
tain 2 atoms of water, 4he atomic weight will*he 50.875, wliich 
Approaches the result of the analysis of D<miar 9 ay, 1^ atoip wa¬ 
ter would make the atomic weight 50*3125,'which agrees vory 
nearly with the actdal analysis of choleate of soda. 

A few only of flie salts^of choleic acid have hitherto been ex¬ 
amined. The following *,re the facts which have been ascer¬ 
tained. • • • * 

1. Choleate *ef Soda .—To form this salt, (which constitutes 
bile,) alcoholic solutions of choleic acid and^f soda were^nixed 
together till the reaction became alkaline. Then a .current of 
carbonic acid gas was passed through the solution foi^ several* 
hours. Being left at rest, the carbonate of soda separated in 
small’crystals. The liquid w^ filtered and evaporated to dry¬ 
ness. The residue readily dissolved in alcohol of 0*80?) without 
leaving any residue. Hence it was pure. . • * 

The reaction of tills salt is weakl}* alkaline. It has the taste * 
and properties of bile. When evaporated it leaves a brown re¬ 
sinous magma, similar in appearance to choleic acid. When 
dry i# forms a yellow, very light, friable mass, which attracts hu¬ 
midity from the atmosphere. It is soluble’in all proportions in 
water and alcohol. It melts at the same temperature as 
leic acid, and concretes into a brown and very friable masa 
When heated it behaves like bile. • 

Bicholeate of Soda may be obtained by digesting choleic acid 
over bicarbonate of soda. , ^ 

2. Choleate of Potash may be formed in the same w#.y as che¬ 
late of soda, and possesses the same properties. 

3. Choleaies of Barytes and Strontian are soluble in alcohol^ 
and water. When evaporated they leave a resiQOUs residue 
like all the choleatea 

4. With oxide of lead choleic acid conibines in two proportions. 
When a solution of nitrate of lead is dropt into choleate of soda 
a neutral choleate is formed. When diacctate of lead is em- 
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ployed a diciiqle^te oj lead iTalfs. Both ,arc nearly insoluble in 
water, but soluble in acetic They have a resinous con¬ 

sistence. r . r 

5. Nitrate of silver forms wiih cholea^ of soda a white preci¬ 
pitate, which by washing is converted into dichol^te of silver. 
After being &i;j[ed in vacuo*oyer sulphunc acid, its constituents 
were, t « , • * * 

. Choleic acid, - ^0*58 

• “ OxJ\Je of silver* 29* * * 

Now 29 is the weight of two atoms of oxide of silver. Hence 
the salt is a dicholeate. • 

SECTION xm.—OF chole|iteric acid. 

ChoUsterin, a substance having somb resemblance to sperma¬ 
ceti, and'a vfiy frequent ingredient in gall-stones? seems to have 
been first particulai;Jy noticed by Gren in 1788.* In the year 
1817, the fiction of nitric acid upon tliis substance vras particu¬ 
larly examined by Pelletier and Caventou.t They ascertained 
that by this action a peculiar acid was formed, to which they 
gave the name of cholesteric. The subject was again resumed 
by Pelletier in 1832.$ lie subjected it to an ultimate analysis 
and determined iLs constituents. 

Cholesterin was treated with its own weight of concentrated 
nitric acid. ' The acid when assisted by heat speedily dissolved 
the cholesterin, while at the same time abundance of deutoxide 
of azote was evolved. When the solution cooled a yellow-co¬ 
loured matter separa'ted, and when the liquid swimming over this 
^eposit was diluted with water, an additional portion of the same 
substance was separated. This yellow substance was not sensi¬ 
bly soluble in water; but on elevating the temperature, it swam 
likq butter upon the surface of the water. When well washed 
it was d.eprived of all acid taste; but had a peculiar though 
slight sfypticity. Yet it was capable of reddening litmus>paper, 
and of saturating the alkaline bases with considerable energy. 
To purify the cholesteric acid thus obtained Pelletier and Ca- 
ventou pfocee^ed in the following manner: A portion of it was 

* 2>m«. contxn. duos observationes circa calctdost ^c. Hal. 1788, 62. At 
quoted by L. Gmelin, Haadbuch der TheoretUchen Chemie, ii. 504. 
f Jour, de PhanuBcie, iii. 292. 

I Ann. de China, et de Phys. U. 189. 
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mixed with water and heated till tae «izpte ipelted. A little car¬ 
bonate of lead was now added “and the inmure boiled for seve¬ 
ral hours, changing repeatedly^the water. Tulie liquids when*(eva- 
porated gave all of them a little cholesterate^jf lead ; but none 
of them, except the first, gave ariy nitrate of lead. The acid tlius 
treated was digested in alcohol, which,dissolved it, l^ea^ing the cho- 
lestcrate of lead andc#irbonate of lead,untouched. I^y evapovating 
this solution, the cholesteric acid was obtained in a stqte of purity. 

Cholesteric acid is soluble in alcohol, and when the liqiiid is 
left to spontaneous evaporation, the acid‘crystallizes in wlv’te 
needles. Buf when .concreted into an uncrystallized mass, its 
colour is orange-yellow. Its smell lias some analogy to that of 
butter, and its taste is slightly styptic. It melts, when heated, to 
136®. When heated aboxe 212®,^ it is deooyiposed into oil, 
water, carbonic acid, and carburetted hydrogen. Its specific gra¬ 
vity is higher than that of alcohol, but lower than that of water. 
It is slightly soluble in water, for that liquid when left m contact 
with it accpiircs the propi>rty of reddening litmus-paper. It is 
more soluble in hot tlian in cold alcohol. 

It readily combines with the bases, and forms salts. The acids 
have little action on it. Concentrated sulphuric acid becomes 
first red, and then chars it when left long in, contact with it 
Nitric acid dissidvcs it without alteration. It does not act upon 
it so as to produce decomposition even when boiled with it 
When evaporated, tlic cholesteric acid remains, possessing all its 
properties. Acetic acid has no action on it and is incapable of 
dissolving it It is very soluble in sulphurc and acetic ethers. 
The volatile oils dissolve it readily even while cold, but the fix^ 
oils do not act ujmn it. 

From the analysis of cholesterate of barytes made by Pelletier 
and Caventou it follows that it is composed of ' 

Cholesteric acid, . 64* ot 16*9 

Barytes, . 36* or 9*5 ^ 

100 - 

Cholesteric acid was analyzed by Pelletier who obtained. 
Carbon, . 54*93 

Hydrogen, . 7*01 

Azote, . 4*71 

Oxygen, , 33*35 


100*00 
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The numf)er of at^s vUicif agrees best with this analysis and 
with the atomic weight is ^ * 

13 atoma carton, z= 9*75 or per cent. 54‘34 


10 atoms hydrogen, = JL*25 ... 6*50 

atom azqte, =0*^75 ... 4*90 

6 afbn)s oxygen, < 1 = 6*0 33/56 

' , » 17*875 100* 


The analysis of cholesterate of strontian is considered by Pch 
ietief as the most accurate. It was found composed of 
< Cholesteric acid, 100* or 16*5 

* Stroiitian, . * 36*98 or 6^5 

This would make the atomic weight of cholesteric acid 16*q, 
which does not d^wate much^from that obtained by the ultimate 
analysis: ^ * • 

All the cholesterates are more or less coloured. The alkaline 
cholesterates are very soluble and deliquescent, but the earthy 
^andr metalline cholesterates are very little or not at all soluble 
in water. They arc decomposed by all the mineral and most of 
the vegetable* acids, if we except carbonic acid. The alkaline 
cholesteiates precipitate all the ihetallic solutions, and the preci¬ 
pitates vary iik colour according to the kind of metal or the de- 
. gree of its oxydizement. • • 

1. ChoUsterojte of potash has a brownish-yellow colour, docs 
not crystallize, is very deliquesqpnt, and does not dissolve in al¬ 
cohol or ether. It is incapable of uniting with a second (}pse of 
the acid. "VVlieii thiasalt is decomposed by sulphuric or any other 
^acid, the cholesteric acid separates in white docks, which float 
upon the surface of the liquid. When heat is applied to this 
salt, the acid undergoes decomposition. There pass over water, 
oil, and carburetted-hydrogen gas, while carbonated-potash re¬ 
mains in the retort^ No hydrocyanic acid is evolved during this 
decomposition. 

2. Ckolesterate of soda resembles the preceding salt so exactly 
that we can only distinguish them by separating the base, and 
ascertaidmg its nature. 

3. Cludesteraie of ammoniat obtained by directly uniting the 
constituents of the salt together, has the same taste, colour, and 
smell, as the two preceding species; and its reactions are similar. 

4. Ckolesterate of barytes is eaaly obtained by double decom- 
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position. It is very li^^le solubfe in JrVlien newly pre¬ 

cipitated, it has a lively red coloiir; but on 'drying it becomes 
of a dark muddy red. It has neither tastS nor smell. Accord¬ 
ing to the analysis of !^elletier and Caventou, it is composed of 
, Cholesteric acid, . • 16*9 , • ^ 

• Barytes) . . 9*5« 

TMey found lliatr chdlesteric acid reared for its saturatipfl about 
tliree and a-half times as much barytes as sulphuric acid does^ Ac¬ 
cording to that statement, its atomic weight* should only be 

5. Cholestirate of strontian may be obtained, like the prec^d-^ 

ing salt, by double dfecomposition. It has ap orange-red colour, 
is almost insoluble in water, and is destitute of tastft and smell. 
Kelletier and Caventou analyzed it after it had been dried in the 
temperature of 212®, and dWincd,* *^ • , 

Cholesteric acid, . 16*5 • 

Strontian, . , ‘ •6*5 

6. Cholestcrate of lime was obtained by mixing solutions of 

chloride of calcium and c^desterate of potash. It has a bnck- ‘ 
red colour, is destitute of taste and smell, and is more soluble in 
water than the two preceding species. ^ 

7. Cholesterate of magnesia is obtained by double decomposi¬ 
tion. It has a deep brick-red colour, and is insoluble in water. 

8. Cholesterate of alumina may be oBtained by mixi^ together 
solutiAis of fdura and cholesterate of potash. When newly pre¬ 
cipitated it has a beautiful red tolour,.hut becomes dark and 
dull oil drying. 

9. Cholesterate of platinum is obtained by mixing elutions of 
chloride of platinum and cholesterate of potash. It has a browti * 
colour, is insoluble in water, and very heavy. 

10. Cholesterate of silver haw an orange-red colour, whicli be¬ 
comes dull on drying. • * 

11. Cholesterate of lead was obtained by mixing nitrate or 
acetate of lead with cholesterate of potash. It has a de^ brick- 
colour, but loses its beauty on drying. It is insoluble in water, 
but dissolves in acetic acid, or rather it is decomposed ^y that 

acid. *" 

Pelletier and Caventou found that 100 parts of this salt yield¬ 
ed 100 parts exactly of sulphate of lead, .Now 100 sidphate of 
lead contain 73*68 of pxide of lead. Hence the cholesterate of 
lead must be a compound of 


K 
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Cholesteric •. * 56*32 or ^5 or 17*875 

Oxide of lead, . *^if*68 or 14 or 50 = 3^ atoms. 

It wad probal^y a mlkture of tetr^s-cholesterate of lead and 
cholesterate of lead. • , ^ 

• ]£. Cholesterate qf»mercury, —-^hen cholesterate of potash is 

poured into preto-nitrate erf jnercury a *bl^k precipitate falls. 
The cfilpur of the precipitate is deep-red •when the mercurial 
salt ii^the per-niti%.te. • 

Cholesterate of popper, —When cholesterate of potash ic 
poured into any salt of copper an olive-coloured precipitate falls, 
without taste or smell, and qmte insoluble. According to the 
analysis of tSiis salt by Pelletier and Caventou it is composed of 
Cholesteric acid, . ^ 5 or 15 = 1 atom 

Oxide of ^dpper, *. *15 or 45 = 9 atoms. 

It is very unlikely that this analysis can have been made upon 
any thing else than a mixture. At least no analogous compound 
has liitheato l)een observed. 

14. ^Cholesterate of iron, —When‘cholesterate of potash is 
poured into sulpliate of iron a deep-brown precipitate falls, which 
is slightly soluble in water. On exposure to the air it becomes 
yellow % absorbing oxygen, "f his salt was analyzed by Pelle¬ 
tier and Cavehlbuy and«fbund composed of 

Cholesteric acid, * . 11*1 or 16*65 =: 1 atom 

Oxide of iron, , . 4*5 or 6*75 =r l-^ atara. 

From this analysis it would appear that the salt was a subsesqui- 
cholesterate of iron. 

15. Ch(flesterate*of Zinc is obtained by double decomposition. 

• I4 has a 6ne red colour, and is slightly soluble in cold water, and 
still more soluble in boiling water. 

16. Cholestera^ of c(^mlt is obtained by double decomposition, 
and has a yellow golour similar to that of plain Sx)anish snuff. 

17. e Cholesterate of tin is f^so yellow, but lighter, and having 
a tint of orange. 

18. Choksterates of nickel and manganese have a bistre colour. 

* ^SECTION XIV.—OF UYDROMELONIC ACID. 

• C 

_ » 

This acid was discovered by M. L. Ginelin in 1835, and nam¬ 
ed hydromehniCf becayse it is composed of one atom of melon 
and one atom of hydrogen.* 

* Annalen der Pfaarmacie, xvi. 252. 
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lu preparing sulphcvcyanic^acid, when wie j*ixture of prusaiate 
of potash and sulphur h^ bpem iieated tc>p high, occasionally 
got, small quantities of another salt. In such cases, when the 
iron had been precijntated, and* the filtered liquid, after having 
been sufficiently concpntrated» was set aiide, white cauliflower*** 
looking crya^ls ofi this new salt»were deposited’. These being 
again dissolveif in liot water, crystallized, exposed to ‘pressure, 
and washed with hot alcohol till the salt no longef struck a red 
‘with the persalts of iron, were considered as freed from all ad¬ 
mixture of milpho-cyanate of potash. When this salt was clisj 
solved in boiling^water, and tl^e solution .mixed with muriatic, 
ailphuric, or nitric acid, 8^ dirty-white gelatinous precipitate fell, 
which dried into a yellow^owder. This precipitate is a hydrate 
of hydromelonic acid. It is sliglftly solublQ in cold w/iter, but 
more soluble ib that liquid when hot. It dissolves*also in alco¬ 
hol. It is destitute of taste and smell, but has a feeble acid re¬ 
action. When heated it^deerepitates s%htly, and IcafVes m^lon, 
which may also be driven off by continuing the heat.* It dis-*^ 
solves readily in nitric acid, and the solution may.be evaiiorated 
without decomposing the hydromelonic acid. It dissolves also 
in sulphuric acid. Ilydromelonate of potash effervesces when 
heated with nitric acid, dissolves in water, and is decomposed by 
acids. • 

T(f analyze this acid, Gmelin employed hydromelonate of lead, 
dried in the open air at 60®. IftO parts of this salt exposed to a 
heat of 212®, lost 11*087 parts of water; an^ when the heat was 
raised to 248®, it suffered an additional loss of 3*0^3; making 
the whole water in the salt amount to 14*13 pa* cent 100 pafts* 
of the same salt being decomposed by sulphuric acid, left 62*38 
of sulphate of lead, equivalent to 45*946 of oxide of lead. Hence 
the constituents of the salt wa*e • * 

Hydromelomc acid, . 39*906 or 12*154 = 1 atota. 

Oxide of lead, . - 45*964 or 14 — 1 atom.* 

Water, . . . 14*130 or 3*304 = 4 atoma 


100*000 •• 

This analysis gives as the atomic weight of hydromelonic acid, 
12*154. 

Q-melin analyzed l^ydrous hydromelonate of lead by means of 
oxide of copper, and obtained 
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* ' t * * 

Carbon, . • M*7S^) or 6 atoins = 4*5 or per cent. 14*94 

Hydrogen, 2*037 or 5 atoHis^=: 0*625 ... 2*08 

Azole, . . 23*pto or 4 atoms = 7*0 or per cent 23*24 

Oxygen, . 14*269 or 4 atoms = 4*0 ... 13*18 

• -Oxide of lead, 45*964 or 1 atom = 14*0 46*46 

' .._ *._ _ ^ _ 

. 100*000 • 60*126 100* ' 
But it. is cledr from the preceding analysis, that the salt thus 
analyzed contained 14*13, or 4 atoms of water. Subtracting 
this**there remain for the constituents of hydromelonic acid 
6 atoms carbon, = 4*5 

1 atom hydrogen, 0*12.5 

4 atoms azote, 7*000 


“ 11*625“ 

i 

Thus it appears tliat hydromelonic acid is composed of 
, ‘ 1 atom me]on, (C® Az*) = 11 *5 

•* 1 atom hydrogen, = 0*125 


11*625 

i 

Hydromelonate of Potash is a yellowish white opaque cohesive 
^ mass, having a bitter taitc. When heated, it gives out carbo¬ 
nate and hydrocyanate of ammonia, and melts into a clear yel¬ 
low liquid, which concretes on cooling. When heated wi'ih ni¬ 
tric acid it froths, but without effervescence. It dissolves in hot 
sulphuric acid, and 13 again precipitated by water. It is scarcely 
soluble in cold, but very soluble in hot water. Alcohol scarcely 
*acfs upon it, even at a boiling temperature. It is decomposed by 
all the strong acids, hydromelonic acid being disengaged. The 
earthy alkaline salts, earthy salts, and most of the metalline salts 
occasion a precipitate in hydromelonate of potash, consisting of 
flocks ftost commonly white. • But the salts of oxide of chromi¬ 
um give kbluish white; those of peroxide of iron, a light brown; 
those of oxide of cobalt^ a rose red; .those of oxide of nickel, a 
bluish w^iite; those of suboxide of copper, a whitish yellow; those 
of black oxifie of copper, a sisken green; those of oxide of gold, 
a yellowish white ; and those of oxide of platinum, a brownish 
yellow precipitate. • 

It has been ascertained that when hydromelonic acid is heated 
in contact with a metallic oxide, water is formed, and the melon 
unites with the metal, constituting a meloneL The hnly one of 
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these melonets hitherto exami^nedis the f^lonft of potassium. It 
may be formed by fiising sulphsK^anate of potash in a porcelain 
crucible at a red heat, adding melon as foi)g as an evolution of 
bisulphuret of carbon and sulphdr is observed. A brown opaque 
glassy mass, is obtained, which, being dissolved in. boiling wat^r,* 
and the solution allowed to cool,'deposits hydrated crystals of 
melonet of pota^siufh. It may be fdrmed also by fusing nve parts 
of butter of antimony with eight parts of sulphocyatiate of potash, 
'and removing by boiling water the 8oli»Sle portion of the resi¬ 
due, after tlie sulphur and bisulphuret of carbon have been dri¬ 
ven off. • ^ ' 

It crystallizes from its^aqueous solution in fine fieedles, which 
collect into large flocks. • A concentrated solution congeals into 
a white mass, not easily dissolved* in cold wpter. The crystals 
contain watei* of crystallization, which they lose when heated. 
They then fuse without loss of weight into a transparent yellow 
glass. The solution of this compound is tasteless, atid precipi¬ 
tates all earthy and metalline salts. • ^ 

SECTION XV.-OF CEREBRIC ACID. 

This substance, which constitutes an important constituent of 
the brain, was first noticed by VauqucKn in •his chemical analy- 
^ of the brain, published in 1812 * He gives it ^he name of* 
whitf fatty matter; but did not obtain it in a state of purity; 
Kiihn also noticed it under the name of myelocoiie, f Couerbe, in 
1834, obtained it also, though not in a state of complete purity, 
and gave it the name of cerehrote, % In 1^41 it wfis again ex¬ 
amined by Fremy, § who brought it to a state of comparative 
purity, discovered its acid properties, and gave it the name of 
cerebric acid. , 

CouerWs method of obtaining it was to digest the mattei*of 
brAin in ether, till every thing soluble in that liquid wasiremov- 
ed, the residue was treated with boiling alcohol, as loftg as any 
thing continued to dissolve. The alcohol, on cooling, depositeil 
a white matter consisting chiefly of cerehrote and chplesterin. - 
Cold alcohol dissolved the latter of these substances, and left 
the ccrebrote. But Fremy ascertained that cerehrote obtained 
in this way still contained sensible quantities of cerebrate of lime 

• Ann. de Chim. IxxxT. 37, or Annals of Philosophy, i. 332. 
t Dissert, dc Cholestearine, p. 20. t Ann. de Chim. et de Phys. Ivi. 171 
§ ^oiir. de* Pharmacie, xxvii. 430. • 
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% ^ 
and albumen. He» suc^ed^ in obtaining it pure by the follow¬ 
ing process* « o« 

He digested tltc obtained by evaporating the etberial solu¬ 
tion of the brmn in a great quaiiti^ of et^ier. By this means a 
<whitc snbstanqe is precipitated, winch is isolated by .decantation, 
a^ whidi, when' exposed to ilje air, is transformed into a waxy 
and fatiy«matter. This precipitate contains^cercbnc acid, often 
combined wil^ phosphate of lime, or soda, and with albumen. 
It waak dissolved in bc&ing absolute alcohol slightly acidulated 
by ^iulphuric acid. * The sulpliates of lime and soda, with some 
albumen, remained in suspension, and were Separated by the fil¬ 
ter. The cerbbric and oleophospnm’ic a.cids were held in solution, 
and were deposited as the liquid cooW. The precipitate war 
washed with edd ether, which dissolved die olec^liosplioric acid, 
and left the tcerebric. Finally, the cerebric acid was dissolved 
in boiling ether, and crystallized three or four times. It was 
then pure.* 

Thus ^obtained it is white, and com^sed of small crystalline 
graii^ It is entirely soluble in Ixiiling alcohol, almost insolu¬ 
ble in cold ether, but more soluble in that liquid when boiling 
hot. It lias the remarkable property of swelbng like starch iu 
boiling water, thdugh it is quite insoluble in that liquid. When 
' strongly heated it melts, bht its fusing point is very little lower 
than that at which it undergoes decomposition. ** 

When heated in the open air«it burns, giving out a characte¬ 
ristic odour, and leaving a charcoal which burns with difficulty, 
and which ih sensibly acid. Sulphuric acid blackens it Nitric 
ucii decomposes it very slowly. When calcined with nitre and 
carbonate of potash, no sulphate of potash is fiNrmed ; a proof 
that it contains no ^ulphur. But phoiphoric acid is always formed 
in^such quantities may he determined. 

Wh^ heated with an exceai^ of potash, anunonia is disengag¬ 
ed, proving the presence of azote. 

This acid was analyzed by Fremy in the usual way. He found 
^ the consl^tuents to be 


Carbon^ 

66-7 

Hydrogen, 

10*6 

Azote, 

2 *» 

Phosphorus, . 

0 *» 

• 

Oxygen, 

19*5 


100-0 
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To determine its atoyiic weight, he ahalAed ctrebrate of bary te8> 
which he had obtained in the fpUowing nmnner:—Cerebric acid 
was boiled with water to convcsrt it into a hydrate An •excess 
of &irytes water was t^en poimed into the liquid, and it was kept 
boiling for ^me time, taking pare to exclude carbonic acid*gas.« •* 
A white, do^y insoluble precipitq^'fell, which, when washed and 
dfied, was composed of . • . * 

Cerebri(^acid, . 92*2 of 112*29 

Barytes, . * . 7jft or 9*5 
• —_ 

• 100*0 

Were we to con*sider the salt as a neutral cerebrate, the ato- 
/nic weight of cerebric a^id would be 112*29. But it is more 
probable from analogy tlftit it contains two Atoms barytes united 
to one atom of cerebric acid. This would make the atomic weight 
of the acid 224*58. t * 

The atomic composition agreeing best with this weight, and 
with Fremy’s analysis is* * , * 


198 atoms carbon, 

II 

oc 

ch 

per cent 66*90 

186 atoms hydrogen. 

. = 23*25 

... * 10*47 

3 atoms azote. 

= 5*25 

^*.36 

1 atom phosphorus, 

. = 2* . 

...•. • 0*90 

43 atonfis oxygen, . 

=r 4ff. 

19*37 

• 


• 222* 

100*00 


or perhaps 3 (C®® H®* Az + Ph. These numbers corre¬ 
spond sufficiently with the analysis, and m&ke the atomic weight 
of the acid 222. • • 

Cerebric acid combines in definite propcH'tions with bases. It 
is therefore an acid, though possessed of ^veiy little energy.* 
When heated with dilute solution of potasli,jsoda, or ammonia, it 
is not dissolved *, yet it combines ydth their different basf^ These 
combinations may be obtained by putting an alcoholic solutimi 
of cerebric acid in contact with these bases. A predpitate im¬ 
mediately falls, almost quite insoluble in alcohol, whi^h consists < 
of the acid united to the respective bases. Lime, baryte^ and stron- 
tian .combine directly with cerebric acid, and make it lose the 
property of forming an emulsion witit water. The remaining 
cerebrates have not yet been examined. 
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SECTIW —-'OF OLEOPHOSPyORIC ACID. 

The presence 0/ the acid in* the human brain, and doubtless 
in that of the inferior animals, has licen lately discovered by^ M. 
Fremy.* • . 

• I4 has been stated in the preceding section, that wjien the ethe- 
rial product of* the brain is tt^ated with ether, these remains in 
solutiofi a viscid substance ifhich contains Aleophospboric acid, 
frequently combined with soda. To obtain the acid we must dc- 
conippse this salt wifr an acid, and digest the mass in boiling 
alcohol, which disscfivcs the oleophosphoric acid, and lets it pre¬ 
cipitate as it cools, yhus obtained it is always mixed with olein, 
which may be removed by anhydrous^ alcohol. We may free 
it from cholesterin, which is often present, by alcohol and cthei\ 
which dissolve the/cholesterin more fcadily than the oleophos¬ 
phoric acid. • It has not yet, however, been obtained in a sbite 
of punty. Fremy '•vas not able to frt^c it completely from cho¬ 
lesterin and cerebric acid. 

It has. usually a yellow colour, like olein. It is insoluble in 
water, and swells a little wlien put into boiling water. It is al¬ 
ways viscid. In cold alcohol it is insoluble, but dissolves rea¬ 
dily in tliat liquid when at the boiling temperature. It is soluble 
in ether. * * • • 

* When pl^ed in contact ^ith potash, soda, or dmraonia, it im¬ 
mediately forms soapy compounds similar to the matter extract¬ 
ed from brain when treated with ether. With the other bases 
it forms compounds insoluble in water. When oleophosphoric 
acid is burnt in the open air, it leaves a strongly acid charcoal, 
in which the presence of phosphoric acid may be detected. 

When this acid is boiled for a long time in water or alcohol, 
it gradually loses jts viscidity, and is changed into a fluid oil, 
which possesses the characters of pure olein. The water or al¬ 
cohol hylds a notable quantity of phosphoric acid in solution. 
This dccofinposition is very slow and incomplete when the oleo¬ 
phosphoric acid is treated with pure water or alcohol, but be¬ 
comes ve|y rapid when these liquids are rendered slightly acid. 
It takes places at the common temperature, but very slowly. The 
atmosphere has no share whatever in this decomposition. • 

Olein is soluble in absolute alcohol, but oleophosphoric acid is 
quite insoluble in that liquid. This shows j;hat oleophosphoric 


* Jour, de Phiurm., xxvii* 463. 
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acid U not a mere mixture of oU knd acid, but a 

compound of the two. But ai^er the Cieophosphoric acid has 
been boiled in water or alcohol, the olein^ being separated from 
the acid, is readily ta^en up by absolute alcohol, even without 
the applicatipn of heat The plein thus disengaged bums upon* 
platinum foil without leaving any, tissidue, whid> is not the ca^ 
wfth oleophosphoritMcid. • • . ’ 

From these facts it is obvious that oleophosphoric acid js very 
'easily altered in its nature. Ilcnce the reason why it is frequently 
found in a hrain quite fresh; though no traces of it can dis¬ 
covered after the bfain has been left for sprae time to putrefy ; 
but instead of it, much olein and phosphoric acid in a separate 
state. M. Fremy is of opinion that this tendency to decompoti- 
tion may account Jor somh of the changes w'qich are apt to take 
place in a liviflg brain. • 

Oleophosphoric acid is readily acted on by fuming nitnc acid. 
Phosphoric acid is dissolved, and a fatty acid swims on the sur- 
fa(;e of the liquid. The quantity of phosphoric acid determined 
in this way varies from 1*9 to 2 per cent. 

The alkalies added in excess transform the oleophosphoric acid 
into oleates, phosphates, and glycerin. 

Fremy considers oleophosphoric acid to*be a compound of 
phosphoric acid and olein. But he could not suceeqd in his at¬ 
tempts to combine these two bodies artificially. It must be ac¬ 
knowledged that such a compomid, if it do exist, is of a very sin¬ 
gular nature. Olein is a compound of oleic acid and glycerin, 
in reality a salt, while phosphoric acid is a powerful acid. 

* • 

SECTION XVII.-OF NITROLEUCIC ACID. 

This acid was discovered by Braconnot ui 1820.* When 
minced animal muscle is digested in water till everything sohi- 
blc is removed, and, after being exposed to pressure, is mi^ed with 
its own weight of concentrated sulphuric acid, it sweHs up and 
dissolves and a little fatty matter swims on the surface, which 
must be removed. This mass being mixed with twice i|s weight 
of water and boiled for nine hours, taking care to Add water as 
fast as*it evaporates, the musede undergoes decomposition. Am¬ 
monia is formed, which unites with the sulphuric acid, while from 
the other constituentg of the muscle at least three new principles 

• Ann. 4c Chim. ct de Phys. xiii. 118. 
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are formed. Tfaete tl^e Aiay separate fn>m each other in 

the following way.* Aturate add liquid with carbonate of 

lime, dhd filter in order to get rid o^ the sulphate of lime formed, 
and then evaporate to dryness. •A^ yellow^h mass remains, hav- 
the fiavour of boiled meat If we boil this matl^r with alco¬ 
hol of 0845, two of the thred*]}rinciples are dissolved. The alco¬ 
holic sotuiions are imxed and^istilled. • Theffeddue taken out*of 
the retort is emporated to dryness, and whai remains is treated with 
a sma]l quantity of aldhhol of 0*8^. An extractive looking suV* 
stafiCe is dissolved, t^hich attracts moisture from thc^air, and has 
' the srjell and taste of roasted meat * 

The portion insoluble in alcohol of 0'83 Ifas been called by 
Braconnot leucin (from Xsvxos, white.') •It is a white powder solur 
ble in water and erystallizable. It generally ^contains some fo¬ 
reign matter^ from which it may be freed by cautiously adding 
solutioh of tannin. • If, after filtering, wc evaporate till a pelli¬ 
cle begins*to appear on the surface, and then leave it at rest, a 
"great number of small round grains are deposited, flat and hav¬ 
ing an elevated margin so as to resemble some buttons. These 
crystals are leucin. ^ 

Leucin crackles under the teeth; its taste resembles that of 
boiled meat When heated to 212** it melts and undergoes a 
' partial decompoation, givifig out at the same tilbe the smell of 
roast meat One portion sublhnes unaltered in the form o^mall 
white opaque crystalline grainy while at the same time there 
comes over into the receiver ammoniacal water and a little em- 
pyreuraatic* oil. Leucin is very soluble in water and but little 
■sokible in alcohoL But hot alcohol dissolves a greater portion 
than it can retain when cold. The aqueous solution of leucin is 
not precipitated by diacetate of lead nor by any metalline salt, ex¬ 
cept pemitrateof mercury, which tbvows it down completely in the 
state o^a white magma, while the supernatant liquor becomes red. 

To obtain nilro-leucic acid the leudn is to be dissolved in ni¬ 
tric acid by means of a gentle heat A slight efiervescence takes 
place, bpt no red vapours appear. When sufiiciently concen¬ 
trated the liquid concretes into a mass of white crystals. When 
freed from nitric acid by pressure between the folds of blotting- 
paper and purified by a» second crystallization, these crystals con¬ 
stitute nitroleucic acid. 

Its taste js sour but weak. It combines with bases and forms 
salts called rJtroleucates, Only two of them, nitroleucate of lime 



and of magnesia, have been e7uuiiiiiedl9y Bracotinot They crys¬ 
tallize and do not absorb moratnae from ne atmo^h^. 

It would be an object of some consequence to examide this 
acid more in detsil. ][t is prqbsA>ly analogous to the compound 
add described in the Chcmisti^ of Vegetable Bodies, p. 16S. 
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CLASS II. 

^ * OF ANIM4L BASES.. 

• These bodies have bo^n hitherto but imperfectly examined. 
The number of animal bodies which are knovai to combine and 
neutralize acids does not exceed eleven, an^ if we, except urea, 
not one of them has hitherto been subjected«to an idtimaSe ana¬ 
lysis. It is true, indeed, that ammonia is obtained from the ani¬ 
mal kingdoms, and tlwit it*is a very decided base. But, foy re&ons^ 
too obvious to require being stated here, that alkali was described 
while treating of the chemistry^of inorganic bodies. Here, there¬ 
fore, we shall simply give a list of the principal combiiihtions in¬ 
to which it enters. 


CHAPTER II. 

OF UREA. 

The substance now known by the name of urea was discover¬ 
ed by Rouelle Junr., during his researches ou^urine, which were • 
published in the Journal dejdedecine for 17J73 and 1777. He 
obtained it by evaporating recent jurine to dryness and (Resting 
the residue in alcohol. The urea, which he distinguishaaby the 
name of soapy matter, was dissolved. By proper evaporation it 
was obtained in crystals. He mentions that it is difficult to ob¬ 
tain it in a dry state, and that it absorbs moisture Jfirom the at¬ 
mosphere. When heated, it yielded, he says, much more than 
half its weight of carbonate of ammonia.* In 1808 a new set of 
experiments was made upon it by Fourcroy and Vauquelimf 

• Macquer’s Dictionnaire Ae Chimie (second edition), ii. 645. 

t 4””' dc*Mii8. d'Hist. Naturcllc, ii. 226. • 
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They give a ppocLss procuring it, an4 describe its properties 
at considerable lengthii though «they did not succeed in obtaining 
it in a^ state of purity. 

In the year 1798, Dr Rolled published his cases of Diabetes 
•JBfeUitus, To the second edition,of this work was added an ap¬ 
pendix by Mr * Cruikshanks jOf Woolwich won Urine. In this 
very important paper Mr Gruikshanks, wha seems to have been 
ignorant of what Rouelle had done, describes urea anew, and 
gives a much more detailed account of its properties. Fourcroj 
,ana Vauquelin take no notice of Cruikshanks in* their paper, 
and might have beeix supposed ignorant of the discoveries of the 
British cheriiist, had not Fourcroy added copious notes to the 
French translation of Rollo's work, and must therefore of necce- 
rity have been acquainted with that book. In his St/steme de 
connaisanqes- Chimiques, published about the beginning of the 
present century, he notices Oruikshanks’s discoveries, and parti¬ 
cularly tlie property wdiich urea has of combining and crystal¬ 
lizing with nitric acid; but blames him for calling it animal ex¬ 
tractive matter^ instead of distinguishing it by a peculiar name. 
In the elaborate paper upon Urine by Fourcroy and Vauquelin, 
published in 1800,* they notice Cruikshanks’s discoveries; but 
assure their readers that*they had discovered urea and ascertain¬ 
ed its charg,cters, a whole year before they became acquainted 
with Rollo’s work, in consequence of the notice of it in the Bi- 
bliotheqve Britannique, ' 

Neither Rouelle, Cruikshanks, nor Fourcroy and Vauquelin, 
had obtained urea in a state of purity. But in 1808 Berzelius 
"pifolished the second volume of his Djurkemien in which he de¬ 
scribes a process, rather complicated indeed, but successful, by 
which he obtained jit in a state of purity, and was enabled to deter¬ 
mine its properties.^ But, as this book was written in the Swe¬ 
dish language, the discovery of Berzelius remained unknown till 
his View^f the Progress and present State of Animal Chetnistrg 
was published in English in 1813. 

In 18J 8, Dr Front published his Observations on the Nature' 
of some of live Proximate principles of Urme,\ In this important 
paper be gives a much easier and shorter process for obtaining 

• 

* Ann. dn Chiin. xxxi. 48. and xxxii. 80. 
f FSrelaMiiiigRr i Djurkemien, ii. 279. * 

I Id the eighth volume of the Medico-Chirurgical Ttansactioiis. 
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pure urea tl>an that of Berzelius, with watch, ^jidped, hewasun- 
acqumnted. He described th^ pjj^opertiesi^f jiiure urea and sub¬ 
jected it to an accurate ultimate analysis. ^An 'andyris had been 
previously made by Berard and another by Prevostand Dumas; 
both of which approached very near the results obtained by Piyut,, 
except in the,hydrogeni of which they obtained a great excess, b^ 
cattse their urea hac^ not been freed from water. More lately 
Wohler made the curious discovery, that urea may.be made ar¬ 
tificially by uniting together * cyanic ariig^and ammomaJ^ ''He 
described also the phenomena wliich take place when urea is ex¬ 
posed to a high tcmperature.t He showed likewise that urea is^ 
obtained when urib acid is distilled.:!: Berzelius, in the seventh 
volume of the French tra^lation of his Traite de Chimie, gives 
a new process for obtaining urea * It seems merely a modifica¬ 
tion of that of front 

The process of Dr Prout is the following: Evaporate by a 
gentle heat a quantity of fresh urine to the consistence pf a syrup. 
Allow it to cool, and adS by degrees pure concentrated iritric - 
ni‘id till the whole assumes the form of a crystillized mass, hav¬ 
ing a deep brown colour. I^t this mass be wash^ with a little 
cold water, and left to drain, then pour upon it slowly*a pretty 
concentrated solution of carbonate of potash cp: Soda till it is com¬ 
pletely neutralised. Concentrate the liquid by a cautious eva- ■ 
poration, and set it aside till the nitre formed is deposited in crys¬ 
tals. Separate the liquid portion from these crystals, and add to 
it enough of animal charcoal to reduce the whole to the state of 
a thin paste. Let the mixture remain at Ibast for some hours, 
and then pour upon it a sufficient quantity of cold water to jje-« 
parate the urea. Evaporate the colourless liquor to dryness by 
a gentle heat and then boil the residue in \ery strong alcohol, • 
which will ffissolve the urea^but leave the nitre and most other 
saline substances liebind it By evaporating the alcoholic solu¬ 
tions we obtain the urea in crystals, and two or three solutions in 
alcohol and crystallizations are sufficient to bring it to a state 

of purity. - 

The process of Berzelius is as follows: Evapor^ the urine 
to the<Jonsistency of a syrup, and then dry it over the steam-bath 

* Poggendorf’s Aniialen, xii. 253. 

t Jour, de Pliarmacie, ftvi. 298, or Poggendorfs Annalen, xv. 619. 

I Pog^endorf, ibid. p. 529. 
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AS completely as possible. IVeat the residue with absolute alco¬ 
hol till every thing w^ch thal^l^quor is capable of taking up is 
dissolfed. Distil thd alcoholic solution over tlie steam-bath. 
Dissolve the readue in a little ^water, and digest it with a little 

• ammal charcoal, which will render it nearly colourless. Filter 
tlie liquid. Heat it to 122/* and dissolve ip it as .much oxalic 
acid as it is capable of taking up at that teipperature. On cell¬ 
ing cqlourleis cryi^s of oxalate of urea «tre deposited. By eva¬ 
porating the rendual iiquid in a gentle heat we obtain more oxp-* 
iato of urea. When it begins to thicken and ha^no longer a 
strong acid taste, we may obtain a ^eat deal more oxalate of 
urea by healing it to 122*^, and adding a new dose of oxalic acid. 
Collect the whole crystals thus obtaipfid and wash them with ^ 
little cold water. * Then dissolve them in boiling water, adding 
a small quantity of animal charcoal, filtrate and evaporate. Oxa¬ 
late oi urea is depotited in crystals as white as snow. Dissolve 
these crystals in water and mix it with carbonate of lime in very 
fine powjier, which decomposes the oxalate of urea with efierves- 
cence. When the liquor no longer reddens litmus-paper, let it 
be filtered to get rid of the oxalate of lime, and evaporate the 
clear liqhid over the water-bath. We obtain a white mass of a 
saline appearafic^, which is urea, but still mixed with an alkaline 

* oxalate. This oxalate is tS^moved by digesting the saline iflass 
in absolute alcohol. Nothing is dissolved but pure urea. What 
remains is a chemical combination of urea and an alkaline oxa¬ 
late, usually oxalate of ammonia. 

Liebig has lately ^ven another process, which he says is less 
^expensive, and which is merely the method used by Wohler to 
convert cyanate of ammonia into urea.* 

Twenty-eight pprts of dry prussiate of potash are mixed with 
14 parts of peroxide of manganese •in powder, and the mixture 
is mad^^ as intimate as possible. This mixture is heated on a 
plate of <iron ovenr a charcoal fire to a dull red heat It taktss 
fire, but is gradually extinguished, and it must be well stirred 
while cqpling to prevent agglutination and to facilitate the admis¬ 
sion of air, c? When cold it is digested repeatedly in cold water, 
and the solution is mixed with 20^ parts of sulphate of ammo¬ 
nia. The first concentrated liquid obtained by washing the pre¬ 
cipitate should be set aside, and the sulphate of ammonia dis- 

* Ann. der PUarm. xxxviii. 108. 
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solved in the succeeding weak liquids. K copious precipitate of 
sulphate of potash falls. The ^npemata^ liquid is decanted off 
and evaporated over the water-bath. Mhre ralphate of 'potash 
fall^ which is separated, and this is repeated as long as the sul¬ 
phate continues to form. The liquid is now evaporated to * 
ness, and the solid {residue is digested in boiling* alcohol of 80 or 
90 per cent* The ^ea is dissolved. It crystallises as' the al¬ 
cohol cools or is evaporated. By this procefe a pound of prus- 
•sjate of potash will furnish onc-third of at'pound of urea, oplour- 
Iras and cry^llizei • « ^ 

The precipitate of potash when heated, with black oxide ot' 
manganese is converted into cyanate of potash, a salt very solu¬ 
ble in water. W hen the^lution of this salt is mixed with sul¬ 
phate of ammonia, sulphate of potash and cyanate of ammonia 
are formed, which last by a gentle heat, as Wohler first discover¬ 
ed, is converted into urea. « • 

Urea when pure and in crystals is white and transparent It 
has no smell, but a cooliilg taste, and its lustre is pearlyv When** 
deposited from a concentrated hot solution it is in the form of 
fine needles; but by spontaneous evaporation it assumes the 
form of long, narrow four-sided prisms. It is best obtained in 
crystals by allowing a boiling-hot satuaated ^ftoholic solution to 
co(d slowly. B produces no change on vegetable blues. It is* 
not affected by exposure to the air, unless the atmosphere be very 
moist, when it deliquesces slightly, but is not decomposed. When 
heated it melts, one portion is decomposed and another sublimed 
without any apparent cliange. The specific gravity of its crys¬ 
tal^ as determined by Prout, is 1 *350. • *> 

At the temperature of 60®, water dissolves more than its own 
weight of urea. The solution exposed to the mr for some months ’ 
underwent no alteration. Boiling water dissolves any quantity 
whatever of urea, and the urea is jiot altered at that temperature. 

At the ordinary temperature alcohol of 0*816 dis^lves the 
fiftii part of its weight of urea, and when boiling hot it dissolves 
■ more than its weight of it On cooling the addition^ij quantity 
is precipitated in crystals. It is hardly soluble in«ethcr and oU 
of tu^ntine, though it renders these liquids opaque. 

The fixed alkalies and the alkaline earths decompose urea, es- 
pecially when assisted by heat and when water is present It 
combines with most of the metallic oxides. Its combination with 
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oxide of silver is |(rey.* This com^xiiind detonates when heated 
and the oxide is r^ulsd. B14 jurea does not seem capable of 
decom^sing any of the metallic sal& We can only combine it 
with the oxides by double decomposition. The best way of ob> 
Gaining these compounds is to mif a solution of a metallic salt 
with a concentrated solution \)f urea, and to add as jnuch alkali 
as will ^turate the acid of the metallic salt^ We may combiile 
urea with oxide of lead by digesting the oxide in a concentrated 
solution of urea. « 

iTitric acid forms'with urea a compound which crystallizes in 
large brilliant plates or transparent prisms\ though it is very 
difficult to ob^in the compound in regular crystals. These crys> 
tals have an acid taste, and are not ajjtered by exposure to th^ 
air. At the temperature of 50® 100 parts of water dissolve 19*7 
parts of nitraite of urea. This salt was found by Dr Front's ana¬ 
lysis to be composed of, 

• Nitric acid, . . 6*75 

■* * . Urea, ‘ *7*45 

14-2 

When heated in a retort it gives out a combustible gas,t and is 
converted into‘nitrate 0# ammonia. When heated rapidly on 
platinum fojl it detonates. * A good deal of cofd is produced 
when nitrate of urea is dissolved in water. When the aqueous 
solution is boiled an effervescence takes place and carbonic acid 
is disengaged. There remains a solution of carbonate and ni¬ 
trate of ammonia. 

* Dr Front discovered that oxalic acid forms a crystalline com¬ 
pound with urea as well as nitric acid. Oxalate of urea is in 
long slender plates^ Its taste is cooling. When heated it melts 
and boils, carbonate* of ammonia is disengaged and cyanuric acid 
is formed. Oxalate of urea dissolves in much greater quantity 
in boilin^than in cold water, and is deposited in crystals as the 

* ‘There is probably another compound of nitric acid and urea. I obtained a 
compound of niprie add, 6*75; urea, 17*23, or rather more than twice the urea 
stated in the text In this ease the urea was not deprived of its colouring mat¬ 
ter, and therefore was heavier than it ought to have been. Had it been pure it 
w'ould in all likelihood not ba^e exceeded fifteen, or double the quantity which 
Prout obtdned. 

f ProbaLiy 
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liquid cools. At 61® 1,00 parts*of water Missolvo only 4*37 of 
oxalate of urea. It is still less ^luble in jiooW than in water. 
One hundred parts of alcohol of 0*833 disrolves'onfy 1*6 of oxa¬ 
late at the temperature of 61.** According to {lie analysis of Ber¬ 
zelius this sal^ is composed of, . • 

Oxalic acid) * . 37*436 oi^ 4*5 

Urea, • 62*564 or 7*525 * 

.. • 

•, loo/ooo 

It contains jno water of crystallization. According to Berze¬ 
lius this salt is capable of combining with the neutral alkaline * 
oxalates, forming dduble salts, which are soluble in al<A>hol. Lime 
decomposes these salts in si^ch a way that oxalate of lime preci¬ 
pitates, while the urea and* alkalino oxalate rpmain in solution. 

When cyanufic acid is boiled with a conccntrated*solution of 
urea, and the solution filtered while hot; fine *0006108 are Sepo- 
sited as the solution cools. These are com]>osi»d of*eyanuric 
acid and urea. The same salt is obtained when uric acid is dis¬ 
tilled in a retort. It is soluble in alcohol. Nitric acid decom- 
poses it, nitrate of urea being formed, and cyanuric acid set at 
liberty. * 

MM. Cap and Henri, by treating lactate o£ libi-* with oxalate 
of urea, obtained lactate of urea, which crystallizes in white pris¬ 
matic needles. They have extracted the same salt from urine. 
They separated the free lactic aaid from urine by an excess of 
hydrate of zinc, and obtained lactate of urea identical with that 
prepared by direct combination.* Urea possesses thfi property 
of a base, and combines not only with nitric, oxalic, and lactic * 
acid, but also with sulphuric acid. Sulphate of urea may be ob¬ 
tained by mixing 100 parts of oxalate of urea qfith 125 parts of 
sulphate of lime iu silky crystals, adding a little water and heat¬ 
ing for an instant Add four or fiyc volumes of alcohol^f spe¬ 
cific gravity 0*843, filter and evaporate. The sulphate^ urea 
crystallizes in grains and needles; its taste is sharp and cooling. 

• AVhen common salt is dissolved in urine, it crystallize in oc¬ 
tahedrons, while sal-ammoniac, under the same ciraumstances, 
crystallizes in cubes. This alteration in the shape of the crystals 
b ascribed to the salts entering into combination with urea- 

• Pbil. Mag. third series, xiii. 478; or Jour, de Phann. xxv. 133. 

P 
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Urea is not precipitated from it| solutions by any metallic salt 
nor by tannin. ^ r « , 

Urba was' subjected to an ultimate analysis by Berard and by 
Prevost and Dumas, but the prtpprtion ojf hydrogen obtained by 
these chemists was greatly in excess. It was analyzed hy Dr 
front in 1818/^ with great ]^recidon. He obtained 

Carbon,- , 19*9/) 

^ ' Hydrogen, . 6<66 

4 Azote, . 46*66 

Oxygen, . 26*66 > 


100 - 

In Doberciner’s supplement it is stated that Wohler and Li'*- 
big made two analyses of urea with the following results : 


Carbon, 

20*02 

20*20 

Hydrogen, 

. 6*71 

6*60 

Azote, 

46*73 

46*76 

Oxygen, 

26*54 

26*44 


100*00 

100*00 


I do not know where these analyses were published. But it is 
obvious at a glAnee that they coincide most satisfactorily with 
the results^ previously obtained by Dr Prout. 

Some idea of the atomic weight of urea may be formed from 
the constitution of nitrate of urea and oxalate of urea. The 
former gives 7*45, and the latter 7*52, the mean of which is 
7*485. Now, if its atomic weight be 7*5, its constitution must 
* be 


2 atoms carbon. 

. = 1*5 or 

per cent 20*00 

4 atoms hy^lrogen, 

. = 0*5 

... 6*66 

2 atoms azote, 

*= 3*5 

... 46*66 

l^toms oxygen. 

. . =2*0 

26*66 


7*5 

100* 


which corresponds exactly with the analysis of Dr Prout 

Wohlei? discovered that when a solution of sal>ammoniac is 
poured upon cyaiuAe of silver recently precipitated, chloride of 
silver is formed, and instead of cyanate of ammonia, which ought 
to be fmiued, if we evaporate the solutioi^ we get white crystals, 

* Annals of Philosophy, first series, xi. 353. ^ 
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possessing the characters of ui 9 ea. It is ODviq,tfs that the consti¬ 
tuents of urea and of cyanatQ of ammonia |are identical. 

Urea is . IP hz^' 05 ’ 

Cyanate of ammonia, JC** Az O + Az -|- H O. 

At first oyanate o( ammonia actually* exists in the liqaic^ ’ 
But by the pvaj)oration, the constituents of tHte salt arrange 
themselves in a •diffe>ent manner, and constitute the more sta¬ 
ble compound, urea. (The difference between the *properUes of 
cyanate of ammonia and urea is very gt'eat, yet the ultimate 
constituents of both are the same. We see here strikingly ex-^ 
emplified how entirely the propefties of sul^tanccs depend upon 
the way in which the ultig^ate atoms are arranged, * 

• X^rca some years ago wtis introduced in France in medicine 
as a diuretic. But I have ’never setn any well attested evidence 
that it really j)ossesses diuretic properties. Urea is not confined 
to the urine. It lias been detected in the blodd and in the fiquor 
of drojisy. ^ * 


( HAPTKU II. 

t 

OF ODORINf 

-I 

AVhen animal substances art? distilled, out* of the constant 
products is an empyrcumatic oil, usually caUed Dipj)eTs ammal 
oilf bccaust^ tliat chemist was the first who obtmncd it in a state of 
purity.* Unverdorben examined this oil in the year 1826,t aifd * 
extracted from it four different salifiable bases, which he distin¬ 
guished by the name of odorin, auimm^ olanin^ 4 ind ammoUn, 
Rectified Dippel’s oil is composed of these four substaned^. 
Odorin may be obtained from the* rectified oil by the foUowing 
process : Saturate the ammonia in the oil till the alkaline reac¬ 
tion is destroyed; but care must be taken not to add more than 
is sufficient for that purpose. Then distil the oil over th% steam- 
bath without adding any water to it What comes ^ver first is 
• 

* He made it known as a medicine in 1711, in a pamphlet, published at Ley* 
den. All animal substances, he says, yield it. He purified it by SO successive 
rectifications. • 

t Poggendorf’s Annalcn, viii. 253. 
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odurin, Exairtine what comes over fronrtime to time, by letting 
a droj) of it into ^tratcr. l \.'3 long as it dissolves complete¬ 
ly in the water, it is pure odorin, but as soon as it begins to ren¬ 
der the water muddy, we may^ conclude that animin is coming 
Qvc^r also. We must* then change the receiver tha^" we may not 
injure the purity of the odonn, which has already distilled over. 
If we continue the distillation till only ore-twentieth of the oil 
remains in the retort, we obtain a mixtui^ of odorin and animin. 
The last 20 th is a mixture of animin and olanin. 

Odorin* is a colourless oil, which refracts light very power¬ 
fully. It has a peculiar and disagreeable odour, differing from 
that of DippePs oil. Its taste is acrid and peculiar. It restores 
the blue colour of litmus-paper reddtjned by an acid. It boils 
at about 212 °, and docs not become solid though cooled down 
to —13®. 

It is very soluble in water, alcohol, etlier, and the volatile 
oils. It combines with the acids and forms salts. It dissolves 
the resins, and the compounds formed with them are decomposed 
when the solution is distilled with water. It combines also with 
variousjjxtractive matters so in+imately that it cannot be sepa¬ 
rated from them by distillation. But these compounds are de¬ 
composed by the more ^lowerful salifiable bases. 

All the .salts of odorin "^ave the form of oils; and they have 
little stability. A portion of the odorin makes its escape, and a 
subsalt remains, or even the a 6 id alone, if it is feeble and fixed. 
The nitrate, muriate, and acetate of odorin may be distilled over 
along witt water. Odorin is separated from its combination 
with acids by almost all the other bases. The few observations 
made upon the salts of odorin by Unverdorlien, the only person 
who hitherto has examined them, are the following: 

1 . Sulphate of <odorin ,—When We mix concentrated sulphu¬ 

ric acid with more odorin than it can saturate, the mixture be¬ 
comes filing hot The sulphate precipitates under the form of 
a heavier oil, through the excess of odorin, which does not dis¬ 
solve it. This sulphate is very soluble in water. When we dis^ 
til or eva]lorate it a portion of the odorin escapes, and a super¬ 
sulphate of odorin remains. • 

2 . Sulphite, of odorin is formed when odorin is made to ab¬ 
sorb sulpharous acid gas. Heat is evolved, and an oily salt 


UnverJorben, Poggendorf’s Anualen, xi. 61. , 
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formed, which may be > distilled over without Alteration. It is 
very soluble in water, and w^erj exposed >o the air absorbs oxy¬ 
gen, and is converted into sulphate. Acids decompose it with the 
evolution of sulphurous acid gas? 

3. Nitrate of odorin may be distilled over ; but it undergoes 

a partial alteration during the pr6cess. What* comes over is 
a mixture of niitate -and nitrite of odorin, together with an em- 
pyreumatic oil. The residue in the retort, besicles uhdecomposed 
salt, consists of an extractive matter and a resin soluble in po¬ 
tash. - * ^ 

4. Carbonate of ddorin is a volatile oil. 

5. Borate and benzoate of odorin when exposed to the air, 
let go by fiir the greatest part of their base; but retain a small 
portion of it with considerable force. 

6. ITnvcrdorbeii did not succeed in his attempts to combine 

odorin with arsenions acid, * 

7. Muriate of odorin may be formed by causing the base to 
absorb the acid in the gaseous state. It is a colourless oil, w'hich 
does not become solid though cooled down to —13®. It may be 
distilled over without dccompo^tion, and is very soluble in water. 

When a current of chlorine is passed through odorin, decom¬ 
position takes place, muriate of odorin is formed; but the great¬ 
est part of the liquid is converted into a thick yellow magma. 
About two-tliirds of the odorin is converted into this matter, 
while the remaining third becomes muriate. The yellow mag¬ 
ma is partly soluble in potash, from which it is precipitated by acids 
in the state of a yellowish-brown powder. The portion insoluble 
in potash is a resinous-looking substance, fusible and soluble ^n" 
concentrated sulphuric acid. 

Muriate of odorin has a browmish-yellow colour, and is solu¬ 
ble in water, alcohol, and ether. When distilled odorin pasi^s 
over, and a supersalt remmns in tlie retort. f 

8. When iodine is added to odorin, a powder is fonded, hav¬ 

ing a brown colour, and insoluble. There is formed at the same 
time an extractive-looking substance, soluble in ether, and pre¬ 
cipitated by the salts of lead and silver. ** 

9. The double salts of odorin have more fixity and a stronger 
resemblance to the common class of salts tlian the »mple salts. 

Sulphate of copper is dissolved by odorin, and the solution 
has an intense blue colour. A subsalt of sulpliate of copper re- 
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mains, showing chat sulphate ofe odoriie and copper has becii 
formed. By evaporation wc 4»htaln it of a green colour; and 
the excess of odorin may be gradually driven off. 

Acetate of copper behaves with odorin in the same way as 
i^phate. When we mix an aqueous solution of ^his wilt witfi 
odorin, no precipitate falls^ attd when the mixture k left to spon¬ 
taneous evaporation, in proportion as’the excess of odorin Is vo- 
latilixed, a double subsalt is deposited in four-sided short prisms, 
havixg a grass green colour. This salt does not lose its odorin 
though exposed to the air. It is soluble in water and alcohol, 
but insoluble in ether. When distilled, odorin comes over first, 
then acetate of odorin, and there remains in the retort acetate 
of copper, mixed with brown subacetate, which has precipitated. 

Neither oxide of copper nor carbonate of cojiper is soluble in 
odorin. 

When a solution of corrosioe sahlimate is mixed with muriate 
of odorin, the two salts combine together, and when we evaj>o- 
rate the liquid, an oil precipitates limpid-like water. This oil is 
a double salt,not altered by exposure to the air. When wc mix 
a solution of corrosiic sublimate with a solution of odorin, a 
subsalt precipitates in the form of a crystalline powder, which is 
soluble in ten times its weight of boiling wfiter, and which is 
mostly deposited in crysbils as the solution cools. If we boil the 
solution, the odorin escapes with the steam, and nothing remains 
but the corrosive sublimate. The anhydrous sjilt behaves in the 
same way. It is soluble in alcohol and ether, and is slowly de¬ 
composed when exposed to the air. 

‘^When chloride of gold is mixed with muriate of odorin, a 
double salt precipitates in small yellow crystals, soluble in twen¬ 
ty times their weight of boiling water. The solution of this salt 
reddens litmus-paper. It is more soluble in alcohol than in 
water,^nd is insoluble in ether. It may be fused, but in that 
case is easily decomposed into muriate of odorin, chlorine, and 
metallic gold; dilute acids liissolve it at a boiling temperature, 
and it ii again deposited unaltered as the liquid cools. 

When Odorin is mixed with chloride of gold, a yellow saline 
powder precipitate^ which is a double subsalt almost insoluble 
in cold water, slightly soluble in boiling water, but again preci¬ 
pitated as the solution cools. It is not altered by exposure to 
the air, and may be fused without undergoing decomposition. 
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After cooling, it is yellow and ^ran^pare^t W^hen exposed to 
a stronger heat, muriate of odftrin may be distilled over, leaving 
metallic gold with some othef products oi^ decomposition in the 
retort. Nitric acid scarcely dissK>lves it eveh at a boiling heat 
Chloride platinum gives ‘with muriat^ of odorin a double 
salt, which ci;ystallizcs,*has a yellow.colour, and soluble in ^ur 
tinfes its weight rf)f water. , With o*dt>riD alone it forms a subsalt, 
which is very little solujjle, and which precipitates uyder the form 
©f a {K>wdcr. Boiling water dissolves a^«small quantity *o^ it, 
which is deposited as the solution cools, ^he action of ’thejse 
two double salts upon reagents is similar to that of the two cor¬ 
responding salts of gold. * * , 


CHAPTER III. 


OF ANIMIN. 

• • 


It was stated in the last chapter, that w’hen recti^ed oil of Dip- 
pel, saturated with aramoiiiji, Tas subjected to distilla|ion, the 
first li(piid which came over was pure odorin. ^ As soon as the 
liquid which dystils begins to render water’muddy, a new re¬ 
ceive^ is applied, and the distillation continued, till only onc- 
tweiitictli of the original quantity remains in the receiver. The 
liquor thus obtained is a inixtui'o of odorin and animinu If \ye 
agitate it with a little w ater, the odorin w ill b^c dissolved, together 
with a little animin. We may extract the odorin from this solu¬ 
tion by supersaturating the liquid with sulphuric acid, evapoi*ftt-' 
ing the solution, and distilling the residue with a base. The 
animin remains under the form of an oil. .It has a peculiar 
smell. It is soluble in twefity times its weight of cold watSr,. 
but it is much less soluble in hot water. Hence it hapmjns that 
the cold solution becomes milky when heated, and resumes its 
limpidity again when allowed to cool. The solution changes 
reddened litraus-j»aper to a violet blue colour. It is v^ry solu¬ 
ble in alcohol, ether, and oils. 

Its affinity for acids seems nearly the same as that of odorin. 
Its salts resemble oils like those of odorin ; but they are much 
less soluble in water.* 

1. Sulphate of animin is an oily body very little soluble in 
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water. Wbeii we boil it with water, a ^rtion of the animin is 
volatilized, and there ^reinains^^supersalt very soluble in water 
and alcohol, and'whidn undergoes *no farther change, though the 
boiling be prolong^. • 

, Benzoate of animin is little ^soluble in cold water, but more 

^luble in hot jisater, by which it is not so easily decomposed as 
benzo&te of odorin. • . * 

3. Muriate of Animin forms double salts with the chlorides of 
copper, gold, and platinum. Tl?e double chloride of animin and 
mercury has the fd^m of a colourless oil, that of chloride of ani- 
^min and gold the form of a brown oil, while the chloride of ani¬ 
min and platinum crystallizes. ' All these double salts are very 
little soluble in water.* 


CHAPTER IV. 

OF OLANIN. t 

It ha^ been already stated, i.i the preceding chapters, that 
when rectifiedJDjppersoil is distilled to one-twentieth part, what 
passes over is odorib and (yiiinin. The twentieth that remains is 
chiefly olanin ; though it still retains a portion of animin. ^If we 
agitate tliis residue four times successively with flve times its 
weight of water, the animin wilf be dissolved by that liquid, and 
the olanin y^ill remain in a state of purity. 

It is an oily liquid, somewhat thick, and resembling a fat oil. 
has a peculiar but not a disagreeable odour, and reacts very 
feebly as an alkali upon reddened litmus-paper. When expos¬ 
ed to the air it becomes brown, and is gradually converted into 
fiisdn. It is but little soluble in water, but very soluble in al¬ 
cohol ai^ ether. * 

Its salts are all oily; and, according to Unverdorben, they re¬ 
semble the salts of odorin very closely in their properties. But 
they havfj been very imperfectly examined. The following are 
the facts staled by Unverdorben, and I am not aware that they 
have been examined by any other chemist 

* Unverdorben, Poggendorfs Annalen, xi. 67. • 

t The name is derived firom the fiist syllables of ohnva aaimale, adding to them 
the tenninat*'''n in. 
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L When JPerchloride of Iron is mixed witk muriate of oZ«- 
nin, a double oily salt is formed,^ baviiig & deep brown colour so¬ 
luble^ in twice its weight of cold water; bin reqturlhg four4:iines 
its weight of hot water ip dissolvi^ it Hence when a saturated 
cold solution is raised .to the boiling tcmpesature, a great dea\ of , 
the salt is separated., wfiich is agaijop'redissolved^as the solutioi) 
cools. This double s^lt is*ncither decomposed by boiling fior by 
acids. It dissolves in dl of cumin, iind watei* can tonly take it 
from that solution by long boiling, and in’proportion as tlip’oil 
evaporates. ' 

2. Corrosive suhliAiate and muriate of olanin form an oily co¬ 

lourless double salf. Olanin combines with corrosive sublimate 
into a subsalt, little soluble in water, and having a yellow colour. 
It is fusible, and resembled a resin.* It requir^a thousand times 
its weight of bdlling water to dissolve it, and from this "solution 
it is deposited in a crystalline form. It is sot decom})os8d by 
boiling, and is insoluble in alcohol. • 

3. Chloride of gold forms with muriate of olanin a, neutral 
double salt, having a deep-brown colour. It is little soluble in 
cold, but more soluble in hot water, and is very soluble in alco¬ 
hol and ether. When this salt is long boiled with watel", a little 
of the gold is reduced to the metallic state. , • * 

Chloride of gold and olanin form ft subsalt resembling a re¬ 
sin. It is hard, brown, insoluble in water, but soluble in alco¬ 
hol. If we pour muriatic acid •into that solution, the salt be¬ 
comes neutral. But this scarcely happens unless alcohol be pre¬ 
sent. * • 

4. With chloride of platinum, olanin forms a double neutia) 

salt, which has the appearance of tar. It is more soluble in wa¬ 
ter than the chloride of gold and olanin. It i| also very soluble 
in alcohol, but insoluble in edier.* , 

* Unverdorben, Poggendorfs Annalcn, xi. 70. 



90 

ANIMAL bases/ * 
r 

CHAPTER V. 

OF AMMOLIN. * 

• « 

€ • 

4 : • • r ^ 

This substance, like the'three preceding, was ,first obtained 
and ekamined by Unverdorben. His process for obtaining it is 
the following: ^ , 

Pgur dilute sulphiiric acid into unrecti/ied Dippel’s oil, as loyg 
ac. any effervescence is produced. When this is at an end, add 
as much more sulphuric acid as has been already mixed with the 
oil; allow the mixture to remain for some 'hours, agitating it 
frequently during that time. Wheiy.the sulphuric acid liqugr 
and the oil have •separated from each •other, draw off the oil and 
wash it with water. Add those washings to the sulphuric acid 
liquor. This acid solution contains supersul])liates of odurin, 
animin, olaniUi and also of ammolini saturated with eiiipyreiiniti- 
tic oil dissolved. To get rid of this last oil, let the liijuor be 
boiled for three hours in au open vessel, replacing the water as 
it evaporates. By this treatment, a portion of the oil is vola- 
tilhsed, and another portion separates under the form of a brown 
resin. Mix the* liquor,* which has now become brown, with a 
fortieth part of its weight of nitric acid, and evaporate till only a 
fourth part of the original quantity remains. Add water ^11 the 
original bulk of the liquid is restored, and after having nearly, 
but not fully, saturated it with carbonate of soda, distil till what 
comes ovef has neither the smell of odorin nor aniniin. What 
remains in the retort is a mixture of sulphate of ammonia and 
sulphate of ammolin. After taking this residue out of the re¬ 
tort^ let the sulphuric acid be completely saturated w'ith carbon¬ 
ate of soda, and tli^n evaporate tbeJiquid. Carbonate of amino- 
nia is i^isengaged, and a browp oil separates. This oil is to be 
cautiously distilled. What passes over is ammolin, containing 
an empyreumatic oil, having the smell of horse-radish. What 
remains^n the retort is Jusdn, 

Boil ’what has been distilled over with water. A portion of 
the empyreumatic oil is volatilized, and another portion diigsolves 
in the water. The amipolin which remains is a colourless oily 
body, which is heavier than water, and whjeh instantly restores 
the colour of litmus-paper reddened by an acid. 

* 

* The word is'-made up of the first syllables of the words uno/tuiiiur-um and 
oleum, adding the termination in. 
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* • 

It is 90 little volatile that wljpn boiled with \?ate very little 
of it, if any, is volatilized. It jhssolves in forty times its weight 
of hojling water, and 200 times its weight of *cold water. 
If we evaporate tlic solul^on, thp ^ater may lie driven off, leav¬ 
ing the aramolin behind.^ Ammolin is very soluble in alcohol and 
ether. ; , , *• 

Cfilorine deeontposcs it; the prodiftts are muriate of ammolin, 
animin, fusein, and an •extractive-lookinff malter. • Ammolin 
ceftnhines readily with extractive matter and resins. It is njole 
strongly alkalUie than any of the three preceding bases. Whc» 
boiled with ammoniaSal stilts, it expels the ammonia, doubtless 
in consequenee of*its little volatility. When even a great 
excess of ammonia is addedUto an ammolin salt, verj’ little of the 
ammolin is disengaged. * * , • 

The ammolin*salts are oily, very soluble in water and afcohol; 
hut insoluble in ether. Sulphate and nitrato of annnolirf arc 
probably tlecomposed when distilled, free ammolin coming over, 
mixed with the jirodiw'ts of decomjiosition. Ae^Jtate ai^d mu¬ 
riate of ammolin may be distilled over almost completely, with¬ 
out being ilecoinposed. With succinic and benzoic acids am- 
inolin forms oily salts, which may be heated without undergoing 
decomposition.* • . * ' 


CHAPTini VJ. 

OF FUSCIN. t 

To ITnverdorben we are indebted also for the discovery of fus- 
cm, which he extracted from unrcctificd Dippcl’s oil by the fol¬ 
lowing process: • , • 

One part of the oil is mixed with one-eighth of hydrate of 
potash dissolved in six parts of w'ater. This mixture is ca^ously 
distilled till the volatile substances and the empyreumatic oil 
jpass into the receiver, and there remains in the retort i^olution 
of potash united to jiyrozoic acid, on which swims a viscid pitchy 
substance. It is this last substance which contains the fusein. 
When it is digested in acetic acid a portjon is dissolved. This 
portion is precipitatedjliy the alkalies. The precipitate is brown. 

^ Unverdorben, I’ogffendorf’s Annalcri, xi. 74. 

-| T^ic name derived from,/«sca«, hrau'n. 
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Digest it in absolute alcohol, a jwrtion is dissolved. This por¬ 
tion is fuscin. When the alcohol is evaporated, we obtain the 
fuscin in a brown coloured mass, cracked in all its dimensions. 

Fuscin is solid, has a browi\ colour, (ind is insoluble in water. 
The acids dissolve it, and when the solutions are evaporated a 
^brown matter Temains, wHfch is soluble in water and in aqueous 
alcohol ; and which, whild in a solid state, may be exposed to 
the atmosphere without undergoing any alterations. The com¬ 
pounds of fuscin with succinic and benzoic acids constitute an ex- 
•tteption to this solubility in water; for they are insoluble in that 
liquid. When any of the solution of salts of fuscin is mixed with 
potash, fuscin precipitates, which, when washed and dried, has 
the form of a brown powder. It doc^ not melt when heated, but 
is charred, and {pves out a smell similar to that of burning horn. 

Fuscin, rwhether in the state of a dry powdef, or in solution, 
in acids gradually absorbs oxygen from the atmosphere, and as¬ 
sumes a red colour. Tlie solutions in that case contain the same 
substance which alcohol leaves undissolved when digested on 
the brown matter precipitated by alkalies from the acetic acid 
solutions mentioned in the process for procuring fuscin. This 
substance, as well as fuscin, combines with the acids. But it soon 
loses this pr6p6rly, and assumes the form of a brown powder, 
insoluble in all menstrua.^* 


. CHAPTER VII. 

* OF CBYSTALLIN. t 

This substance was obtained by Unverdorben from indigo; 
but its analogy to,the five preceding bases is so strong, that it was 
deem^ better to place it here tlian among the products of vege¬ 
table substances. 

When indigo is distilled -per se it gives first water and oil, 
and thfin oil holding re»n in solution passes over. The oil 
is colourless and volatile, and has not an empyreumatic smell, 
but one similar to that of indigo when strongly heated? This 
oil, when left exposed jto the air, becomes yellow, and then con- 

* Unverdorben, PoggendorTs Annalen, viii. 261. 

t So called because it« salts are capable of crystallizing, which ia not the case 
with those of ai^ of the preceding five bases. .. 
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tains ammonia, crystallip, and ^severied other substances. The 
crystallin may be obtained by the following process:— 

Mix the oil with sulphuric add, which di8Solye& it; leaving* the 
other substances behind. Mix thef acid liquid 'with another base, 
and distil. The crystallin passes over. 

Crystallin i& a colourless oil, whi^bHIs heavier than water. Its'’ 
odour is strong, and hq^ some resemblance to that of new hOney. 
It docs not react sensiblv as an alkali. It is biTt little soluble in 
w&ter, yet it may be distilled over with thaj: liquid. When^ex* 
posed to the air it becomes red, and then comiflunicates a yellow* 
colour to water whenMissolved in it. 

Sulphate of crysthllin crystallizes, whether it be neutral or con¬ 
tain an excess of acid. TVOljen the neutral salt is evaporated, it 
is converted into a supersaH. It is*, insoluble in absolute alco¬ 
hol. Its aqueous solution becomes gradually brown, ^nd*then it 
contains sulphate of fuscin. When supersulphate of crystaltin is 
heated, it melts and concretes on cooling into a crystalline mass. 
When exposed to a stronger heat it undergoes decompositipn, dnd 
there are formed sulphate of crystallin, sulphate of odorin, and a 
great quantity of sulphate of ammonia. The charcoal remaining 
leaves no residue when burnt ^ 

Phosphate of crystallin crystallizes readily, vhin'it is neutral; 
but the superphdsphate does not cryslSillize at all. Alcohol se¬ 
parates the crystals by removing the excess of acid and the water.* 


CHAPTER Vni.’ 

OF APOSEPEDIN. f 

This substance was first nqticedby M. ProuSt in 1818,:; wly 
gave it the name of cheesy oxide. It was again examined, and 
its properties ascertained by Braconnot in 1827, § whq^distin- 
guished it by the name of aposepediny because it is formed when 
casein undergoes a species of putrefaction. 

Cheese, as every body knows, consists essentially of coagulat¬ 
ed ca^ein^ || from which the great quantity of liquid which it ori- 

• Unverdorben, PoggendorPs Aniialcn, viii. 391. 

f From, tiirm and putridit;/, 

^ Ann. dc Chiin. et de Pbys. x. 40. § Ibid., xxxvi. 161. 

{| This aul^tance will be described in a subsequent chapter of this volume. 
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ginally contained has been expelled by pressure. When thus 
treated it may be kept a considerable time, during which it is 
slowly undergoing an alteration, which renders it more agree¬ 
able to the taste. ’If the liquid portion has not been squeezed out 
wjth care, it undergoes a species of putrefaction, ^milar to what 
‘takes place when moist gluten of wheat is left in a similar state. 
Proiist conceived that during this process a peculiar acid was 
formed, which he distinguished by the name of cnseic add, toge¬ 
ther with another Svtbstance which he called caseous or cJiedty 
ctxide, Braconnot showed that the caseic acid of Proust w^as com¬ 
posed of a congeries of substances which h'e separated from each 
other. The cheesy oxide he found a jxjculiaf substance, and dis¬ 
tinguished it, as has been already stated, by the name of apovc- 

He 'mixed 4167 grains of fresh cheese from creamed milk 
w'ith* 61 cubic inches of water, and left the mixture to putrefy for 
a month dn a temperature varying from 68® to 77®. During this 
intervail the greatest part of the cheese was dissolved. The so¬ 
lution was separated by filtratioiis from the undissolved portions. 
Its smell was putrid, but no odour of sulphur could be distin¬ 
guished in it. When evaporated to the consistence of honey it 
gradually congcal^ed into a granular mass, one ])ortion of which 
dissolved in alcohol, while another portion remained unattached 
by that liquid. The first of these portions was the caseate of am¬ 
monia of Proust, and the second his caseous oxide. 

This last substance was dissolved in water and the solution 
treated with animal charcoal, w'hich rendered it colom*less. This 
liquid being left to spontaneous evaporation, deposited brilliant 
crystalline vegetations, constituting rings and cauliflower-looking 
concretions on the edges of the liquid. To obtain it perfectly 
white it was necessary to dissolve and evaporate it two or three 
times successively. Thus purified its properties were as follows: 

Its ^lour is white; it has no smell, its taste slightly bitter 
with a flavour of roasted meat It crackles under the teeth; it 
is heavier than water, and is easily reduced to powder. It burns' 
away without leaving any residue. When heated in a tube of 
glass open at both ends a portion of it is volatilized unaltered, 
under the form of long slender crystals. Every time that this 
process is repeated a new portion is decqmposed. When dis¬ 
tilled per in a retort it does not sublime but undergoes decom¬ 
position. A solid oil passes over into the receiver together with 
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a liquid holding carbonate and sulphohydrate of avamonia in so¬ 
lution. * 

When aposepedin is heated on polishedT silvdr, the metal is 
blackened, being convertpl into suiphuret. At the temperature 
of 57" aposepedin is soluble in 22 times its weight of water, 
solution speedily putrefies, and acquires a very disagreeable smell. * 
A^sepedin is very soluble in alcohol. When a boilingtilco- 
holic solution cools, thc.oxidc is precipitated itndertthe form of 
a4vie light powder, which after “being dried, has a good dc|l"of 
resemblance tq magnesia. Nitric acid convePts it into a bittea 
matter and a yellow ftil; but no oxalic acid is formed. Muria¬ 
tic acid dissolves a greater quantity of it than watei^ and when 
the solution is concentratcc^it concretes into a mass on cooling. 

The aqueous solution of^posepe(Un is neither precipitated by 
alum nor jK-srsiitiihate of iron. The infusion of nut-galls “throws 
it down abundantly in flocks, W’hich are redisselved by addftig a 
great excess of the reagent. When mixed with a solution of su¬ 
gar no fermentation is pro*lucetl. * , 

The portion of tlie cheese dissolved in ammonia owes its acid 
projiertics to acetate of ammonia, generated during the putrefac¬ 
tion of the clieese. It contained also a brown extractive%atter, 
ammonia-jihosphate of soda and a brown«oil, Ijeift^ifir than wattT, 
and having an ifcrid and burning tiislfc. Braconnot considered 
it ns a^'ompound of oleic acid with an acrid oil. 

• 


CHAPTER IX. 

OF TAURIN. 

This substance was discovered by L. Grmelin’in 1824, during 
the researches of Tiedemann and Gmelin on ox bile; and its pro¬ 
perties were dcscrilied by him in 1827.* They distinguilhed it 
by the name of galhmaspardgin, which L. Gmelin afterwards 
<thanged into taurine obviously from the Latin name of the ani¬ 
mal from whose bile it was extracted. There can be Jittfe doubt 
that it was formed from the choleic acid of bile by the processes 
to which Gmelin subjected ox bile; though he was of opinion 
that it constituted one of the many ingre'dients of which he con- 

• Poggendorrs Annalcn, viii. 326- 
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sidered the ^ile to be comjjosed* Gmelin*s method of ohtaiiiiing 
it was the following: 

Os. bile wtu9 mixed* with munatic acid, and filtered to separate 
a mucous or albuntlnous matter which had precipitated; the'filter¬ 
ed liquor being lef^for some days in repose, some stearic acid 
‘Vas deposited. • The filtered liquor was t'fien conceptrated by eva¬ 
poration till only a small qfoantity rqpiained. •This residue con¬ 
sisted of a i^nous matter and an acid liquor. The liquor being 
separated from the i^sin and still farther concentrated, more of 
^he resin fell, and' finally crystals of taurin and of common salt 
were deposited. The taurin was picked oat and purified by a 
second crystollization. When: the resin is dissolved in absolute 
alcohol and the solution filtered, taui;ln in small crystals remaps 
on the filter. It may be puWfied by washing it in absolute alco¬ 
hol, dissolving it in water and crystallizing. 

Thus purified taurin consists of transparent colourless ciy'stals. 
The primitive form is a right rhombic prism with angles of 111® 
44^*, an4 68® 16\ But it is usually m six or eight-sided prisms, 
terminated bpr four or six-sided pyramids. These crystals crackle 
under the teeth, and have a sharp taste, neither sweetish nor sa¬ 
line. Taurin neither reacts as'an acid nor an alkali, and is not 
altered by expospre to the air, even when heated to 212.® 
When strongly heated taurin melts into a thick liquid, becomes 
brown, swells, and exhales an agreeable but empyreumatia odour, 
similar to that of burning indigo. It leaves a charcoal which is 
easily consumed. When distilled per se it gives a thick brown 
oil with a*little yeKow coloured and acidulous water, which con¬ 
tains an ammoniacal salt in solution, and reddens a solution of 
perchloride of iron. 

Taurin dissolves in 15^ times its weight of water at the tem¬ 
perature of 54.® It is much more, soluble in boiling water, and 
the surplus crystallizes as the solution cools. Boiling alcohol of 
0*835 tSssolves only j^stli part of its weight of taurin, and in ab¬ 
solute alcohol it is almost insoluble. 

Concentrated sulphuric acid dissolves it without the assistance 
of heat, forming a transparent brown liquor from which the tau¬ 
rin is not precipitated by water. When this solution is raised 
to the bailing point its colour becomes darker, but no sulphurous 
acid is disengaged. Cold nitric acid dissolves taurin really, and 
when the a f id i*- evaporated away the taurin remains unaltered. 

The aqueous solution of tiiurin is not sensibly .acted on by 
muriatic aci^, potash, ammonia, alum, chloride of tin, chioride 
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of iron, sulpliate of coj^r, cojrosive sublimate, nitrate of mer¬ 
cury, or bj’ nitrate of silver. , • 

Taurin, according to the analyas of M. Demar^ay, is bom- 
posed* of C* Az , This .mfty be resolved into, 

. 2 atoms oxalic 4cid, C* O®* 

• 1 at^m ammonia, • *! IP Az 

• 4*atoi])^ water, . t O* H* 

_ _• _ • 

• " C* WAzO^®= 155^5 

This composition has been confirmed by the analysis of Duma^ 
and Pelousc.* * 


chapter X. 

OV CHITIN. 

This name (from ruTiica) has been given by Dr^Ddier 
to the hard horny crust which forms the outer covcripg of many 
insects, and in particular the elytra of the coleopterous iiteccts.'l’ 
When these elytra arc boiled in a solution of caustic pobish, the 
menstruum extracts albumen, a matter analogou? to the extract 
of meat, aiid a fafty coloured matter wTiich is soluble in the al¬ 
kali ; but insoluble in alcohol and water. What remains is chit 'tJi, 
Chitin is white and translucent* It does not melt when heat¬ 
ed ; but is charred without giving out ammonia or hydrocyanic 
acid. It is soluble in dilute sulphuric acid, and in nitric acid 
when assisted by heat The solution in nitric acid is not yellow,* 


CHAPtER XI. 

OF AMMONIA. 

Ammonia is beyond question the most important of all th* ani¬ 
mal bases. But its use is so indispensable to the chemISt at the 

very commencement of his investigations, that it it was necessary to 

describe its properties while treating of the Chemistry of Inor¬ 
ganic Bodies. (Vol. i. pi 138.) 

• Ann. der Pl^prin xxvii. 292- ^ 

+ Odieo Mem. de Mus. d’Hist. Nnt. i. 3j. 
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It enters into a greater numbi'T of combinations tlian perhaps 
any other base whatever. 1, propose in this section to give 
merely a caialo^e of the most important of these compounds, 
and, at the same time, to explain the views at present entertoined 
respecting their nature. 

^ Ammonia has been long,known to Ibe^a compound of azote 
and ^hydrogen. But azotb and hydrogen arc at present '’con¬ 
ceived to be cap&ble of uniting in threet different proportions. 

'' 1. The first, calldd amidcy is a compound of one atom azpte, 
’lind two atoms hydrogen, Az = 2. It is considered as the 
radical of ammonia, and has not hithcrt6 been obtained in an 
isolated fofm. It is not a base; but is cabbie of combining 
with bases, and seven of such compounds are known. 

2. The secoii4 compound of azote and hydrogen is ammonia. 
It consistsrof one atom of azote combined with three atoms ain- 
modia, Az =:**2*125. It is a powerful base, and readily com¬ 
bines wfth and neutralizes acids. 

3. The third compound of azote and hydrogen is called am¬ 
monium. It is a compound of one atom of azote with four atoms 
hydrogen, Az IB = 2*25. It possesses the character of a metal, 
and is capable of combining with metals. Hitherto it has not 
been obtainM \n an isolated state. But all the ammoniacal salts 
containing oxygen acids'^are considered at preifent as compounds 
of the acid and oxide of ammonium. 

Let us take a view of the asmpounds which these three modi¬ 
fications of ammonia are capable of forming. 


I. AMIDES. 

1. Amide of potassium, . Az -f. K s= 7 

2. Amide of sodium . Az IB Na = 5 

3. Amide of mercury, . • Az H* -f- Hg = 14*5 

White precipitate, Az H* Hg + Chi. Hg = 31*5 (Kane) ob- 

tainea by precipitating corrosive sublimate by caustic ammonia. 

When wliite precipitate is treated with caustic potash, we ob¬ 
tain yellow powder composed of Az IP Hg + 2 Hg O -f 
Chl.. n^z= 58*5 (Kane.) 

A number of other complex compounds have been analysed by 
Dr Kane of Dublin.. 

4. Amide of copper and hyposulphate of ammonium, Az H* 
Cu + (S* O®) (Az IP O) = 18-25. 
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5 . Amide of copper and ni^ate of ammonium^ Az H* Cu -f 
(Az O®) + (Az H* O) = 16, . 

And so of the other compounds of metallic amides witlf salts 
of ammonium. , , * 

1 . Oxamide, C* (P -J- Az = 5*5. • • ^ 

This was the substance original 1 ^*Aiscovered by Dumas, which 
led \o the whole tloctripe of amides. * It is oxalate of ammonia 
— an atom of water • * . ^ 

• 2. Sulphamide, Az + SO^ =: 6 . ^ ^ • 

Discovered .by Regnault Obtained by mixing clilorinc ga^ 
sulphurous acid gas afld olehant ga& A liquid ia formed which, by 
a current of ammoniacal gM, is converted into a white powder 
and sal-ammoniac. The \diite powder is sulphamide. 

3. Sulphohydramidc, SO* + AarH* = 7*25? 

The anhydroAs sulphate of ammonia of Rose. • 

4. Bisulphohydramide, 2 (S O^) + Az 10*25. 

Tlie anhydrous acid suljghite of ammonia discovered by Rose. 

• 

IL AMMONIA, Az H* = 2*125. , 

1 . Liquid ammonia, Az H* + 3 Aq. ^ 

It dissolves oxides of zinc, copper, nickel, cobalt, See. 

2 . Ammoniated oxide of copper, 2 (Az4I*) 4-*3*(Ca O) -f 6 

Aq = 26 (Kane.) * 

A blue powder. 

3. Ammoniated oxide of mercury, Az H* + 3 (He O) -f 3 
Aq z= 46 (Kane.) 

And so of the otlier ammoniated oxides. 


1 . Ammonietted chloride of sulphur, Az H* -f- S Clil =: 8‘625 
and 2 (Az H*) 4 . S Chi = 10*75. 

2 . Ammonietted sesquichloride of phosphorus, 5 (Az H*) + • 

(PhChlH)= 21*375. • 

3. Ammonietted pcrchloride of phosphorus, 5 (Az H*) Ph 
ChP4 =r 23*875. 

4. Ammonietted chloride of boron, 3 (Az IP) + 2 (Bo ChPil) 

= 15*125. 

5. Amiponietted perchloride of tin, Az H* + 2 (St Chl^) =: 
18*375. 

6. Ammonietted chlorij^e of calcium, 4 (Az H*)+Ca Chl= 15 *5. 

7. Ammonietted chloride of strontium, 4 (Az H*) + Str Chi 
= 18*5. • 
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8 . Ammonitftte^ chloride of cqppcr, ^ (Az H*) Cu Chi = 

14*875. ^ . 

9. Ammonietted^ chloride of nickel, 3 (Az IP) -f- N Chi = 

14*125. ’ • . , 

^18. Ammonietted chloride of cqbalt, 2 (Az IP) + Cb Chi = 12 . 

11 . Ammonietted chloridd*qf lead, 3 (Az ^J®) 4 . A (Pb Chi) = 

76*375. • . . • * 

12. Ammdtiietteci chloride of antimonv, Az IP -f Sb ChF* = 

•. 21*375. ' 

^3. Ammonietted chloride of mercurj% Az rf- 2 (Hg Chi) 
= 36*125. . 

14. Ammdnietted dichloride of mercury, Az*H^ -f 2 (Hg* Chi) 

= 61*125. I 

15. Ammonietted chloride*of silvef, 3 (Az H*) + 2 (Ag Chi) 

= 4^375. • 

16. Ammonietted chloride of platinum, Az 11^ + PI Chi =r 

18*625. 

Ammonia combines also with bromides, iodides, and fluorides. 
It combine^also with sulphates of magnesia, zinc, copper, nickel, 
cobalt^ cadmium, silver, and >jith nitrate of silver; though the 
exact proportions have not been determined. 

• • 

,III. AMlftONITJM, Az IP = 2*95 
Amalgam of ammonium, Hg -t- Az IP = 14*75. • 

1 . Sal-ammoniac, or chloritte of ammonium, Chi Az H* =r 
6*75. 

2 . Chloride of ammonium and magnesium, (Chi -f Az H^) -f 

• Mg Chi r= 12*75. 

3. Chloride of ammonium and zinc, 2 (Chi + Az H^) 4 . 2 
(Zn Chl).+ Aq = 31*875, (Kane.) 

* There is anotlier compou^constituting a pearly powder, which 
contmns also oxide of zinc, According to the analysis of Kane. 

4. Chloride of ammonium and nickel, (Cld -f Az H*) -f. (Az 

H* 4 - N O) H- Aq =* 14*25. 

5 . (Shloride of ammonium and copper, (Chi 4 . Az IP) 4 - Ca 
• Chf 4 *Aq = 16*375. 

6. Chloride of ammonium and mercury, (Chi 4- Az H^) 4 - 
Hg Chi 4 - Aq «= 24*875. 

7. Chloride of ammonium and platinum, (Chi 4 - Az IP) 4 - 
P1 Chi = 23*25. 

8 . Brotuit^e of ammonium, Az + Br = 12*25. 
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9. Iodide of ammoniui^, Az + T! s= 17’875. . 

Iodide of ammonium and *gpld, (I -f Az*H*) + Au P = 
77*626. * • • • 

10. Fluoride of ammonium, Az H* + FI = ‘4*5. 

11 . Seleniet of ammonium, Az H* 4 . Se =a 7*25. 

12. Sulphuretof ammonium, Az IJ^*S = 4*25. • 

13. ^isulphuret of ammonium, Az H* S® = 6*25. 

14. Persulphuret of ammonium, Az S® = 12*25» 

• ^ Sulphohydratc of ammonium, Az IP S' -4 HS r= 6*37^.* 
Bisulphocjirburet of ammonium, Az H* 1? + CS* = 9. • 

Oxide of ammonkim, Az IP O = 3*25.^ 

16. Sulphate of anAnonium, SO^*-4 Az O -4 Aq = 9*375. 
17^ Bisiilphatc of ammonli^, 2 (SO*^) -j- Az IP O = 13*25. 

18. Ammonium-sulphate of magnesia, (SO^ -4 Az H* O) + 

(SO"* 4 . IVIg O) 4 . 7 Aq = 2.3*625. . * 

19. Aninioniacal alum, (SO* 4 Az O) (SO -4 O) 

4 24 Aq ~ 54. • 

And so with the douhlh aramoniacal kilts described,in the 
Chemistry of Inorganic Bodies, (Vol. ii. p. 750.) Adding an 
atom of water to convert ammonia into oxide of ammonium. 

1. Nitrate of ammonium, Az O 4 Az IP O = 10. * 

And so with the double aminoniacal nUrateg. • • 

2. Chlorate of ammonium, Cld O 4 * Az IP O = 12*75. 

3. lodate of ammonium, lO'* 4 Az IP O = 24. 

4. Carbonate of ammonium, CQ? 4 Az 0=6. This salt 

exists only in solution. 

And so with the double ammoniacal carboftates. • 

5. Phosphate of ammonium, 2 (PO-*) 4 Az O 4 2 (HQ) 

4 Aq = 15*625, and 2 (PO'^i) 4 2 (Az H* O) 4 H O 
= 16*625. 


. . rNa O ). 

6 . Soda-phosphate of ammonium, 2 (PO^i) 4 4 Az O > 

(H O4 ) 

4 8 Aq = 26*375. 

And so with the other double ammoniacal phosphates. 

7. Chromate of ammonium, Chr O* 4 Az H* O *4 Aq 
= 10*875. 


8 . Pefmanganate of ammonium, Mn 4 Az H* O 4 Aq 
= 14*875. 


9. Tungstate of amtnoniiim, Tu O’ 4 Az 11* O 4 Aq^ 
= 19*875. 
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10. Molybdate of ammoniiini. Ml O® -fj Az H* O ss 12*25. 

11. Vanadiate of ammonium, + Az H* O = 14*75. 

12. Selenite''of ammonium, Se O® + Az O = 10*25. 

For farther information respecting the compounds of ammonia, 
wf refer the reader to the Memoir of M. Bineau in the Annal. 

*de Chim. et do Phys. lxYiir*225 ; and IBid. Ixx. 251. 

• • • 



. ' CLASS III. 


INTERMEDIATE ANIMAL OXIDES. 

The animal principles belonging to this class have been so im¬ 
perfectly examined, that the, charactors of many of them are only 
inferred from very imperfect analogies. We shall divide them 
into Sve se^ 

1. Ojydes containing azote and not oily. 

2. Oxides not containing azote and not oily. 

3. Oily oxides saponifiable. 

4. Oily oiides not saponifiable. 

5. Colouring matters. 

It can scarcely^ be doubted that the oily saponifiable oxides 
contain an acid; and it Is probable that the animal colouring 
matters resemble the vegetable in their nature. 


CHAPTER I. 

OF ANIMAL OXIDES CONTAINING AZOTE AND NOT OILY. 

These bodiei^ have been all re(^ently discovered, and most of 
them have been formed artificially by treating uric acid with va¬ 
rious r^ugents. They are eight in number; namely, 

1. Xanthic or uric oxide. 

2. Cystin. 

3. Allantoin. 

% 

4. Alloxane or erythric acid. 

5. Alloxantine. 

fi. Uramile. * 

7. Murexide. 

8. MurcAane. 
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SECTION l.-^F XANTHIC OR URIC OX^>E. 

Dr Marcet gave the name pijcanthic oxide to the constituent 
])oriion of a small calculus, which Dr Babington llaving nc&w~ 
ed frW one of his patients gave to Marcet for examination. Its 
texture was compact, hard, and laminated. The surface yas « 
smooth, and k had ^ recldish cinmynon colour, which was much 
heightened by adding^ caustic alkali to the calculus in powder. 
Before the blow-pipe, it crackled, split in pie<!es, became black. 
Mid was ultimately consumed, living only a minute particle* of 
white ash. The smell which it emitted was*that of an animal 
substance, and was peculiar, though feeble and not easily defined. * 
When exposed Co destructive distillation, it crackled, split into 
scaly fragments, blackene^, and emitted a fetid amraoniaeal li- 
<i]uor, from which carbonate of ammonia crystallized, leaving a 
heavy yellowish oil. • 

When reduced to an impalpable powder, tiic greatest jj&rt of 
it dissolved in boiling water, and the solution reddened litmus pa¬ 
per. When the liquid was allowed to cool, it became, covered 
with a white flocculent film, which gradually subsided and con¬ 
stituted a white crust. 

Caustic potash dissolved this calculus very readily, and the so¬ 
lution was preci})itated by acetic acid, pK>vid 4 ?d*thb acid was not 
added in great dXcess. Tlie mineral aCids also dissolved it, though 
not nearly so readily as the alkalies. Concentrated sulphuric 
acid did not blacken it • 

When the solution of the calculus in nitric acid w'as evaporat¬ 
ed to dryness, the residue assumed a bright Vernon colour. This 
yellow residue was partly soluble in water, to which it connnu- 
nicated its colour. The addition of an acid destroyed tlie yel¬ 
low colour, but caustic potash turned it red, and upon evapora¬ 
tion, it assumed a brilliant crimson hue. Tips colour disappear¬ 
ed on adding water, the yellow ti^jt being reproduced, while the 
liquid remained transparent The previous action of nftric acid 
is necessary for these changes of colour: for if potash be added 
to the pure xanthic oxide, no change of colour takes pl^ce. 

Xauthic oxide is insoluble in alcohol and ether, vary sparing¬ 
ly soluble in acetic, and not at all in oxalic acid. It is insoluble 
in bicarbonate of potiish and bicarbonatq of ammonia.* 

Such are the properties of this uncommon substance as dctcr- 


* Marcct’s Essay oa Calciilotis Disorders, p. 9G. 
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mined by Dr Marcct In the year a similar calculus was 
extracted from a patient by Langenbeck, and given to Stromeyer, 
who determined it to be the same as the xanthic oxide of Marcct. 
A considerable portion of thi» calculus is still in Langenbcck’s 
, coUection. It weighs eleven grammes, or almost 170 grains. 
Tl is much largor than the one described Uy Marcet* It has been 
lately examined and analyzed by Wohler and Liebig. * 

The surface of the calculus was partly light brown, smooth, .and 
shihipg, partly earthy*.and whitish. The fracture had a brownish 
fi:;sh-colonr. It w^as composed of concentric layers, scfiarable 
from each other, and had a nucleus composed of the same mat¬ 
ter with the rest of the calculus. It had the same degree of liard- 
ness as the uric acid calculi. When*rubbed or scraped, it as¬ 
sumed a waxy lustre. 

As it might be supposed to contain more or fewer of the con¬ 
stituents of urine, AVohler and Liebig purified tho.ranthic oxide, or 
uric oxidef as they have called it, in the frdlowing way:—The cal¬ 
culus was pulverized anil dissolved in c.\ustic potash. The solu¬ 
tion had a dark brownish yellow colour, with a shade of green, 
not unlike the colour of bile. Through this solution pure ciir- 
bonic acVd gas was passed till the potash was converted into bi¬ 
carbonate. Th^wr/c oxide precipititcd in the form of a white 
powder. When this powder w'as washed and dried, it assumed 
the form of masses of a light yellow, which, when rubbed, acquir¬ 
ed a waxy lustre. It contained no trace of potash, differing in 
this respect from uric acid. For when an alkaline solution of 
this last is saturated with cjirbonic acid gas, the precipitate is not 
pure uric acid, but urate of potash. 

Uric oxide is soluble in sulphuric acid, and the solution has a 
yellow colour. The oxide is not precipitated by water. In this 
respect also it differs from uric acid It is insoluble in muriatic 
and oxalic acid; a circumstance which distinguishes it from cystic 
oxide, a 

When subjected to destructive distillation it so far resembles 
uric aci^, tliat a great deiil of hydrocyanic acid is evolved. But 
the empyreuma has a different smell, similar to that of distilled 
horn. There is given out also a sublimate of carbonate 9 f am¬ 
monia, but no urea. 

When heated with oxide of copper the azotic was to the car- 
* Ann. der Pbarm. xxvi. 340. 
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bonic acid gas as 1: 2*5, The^result of an analysis of this sub¬ 
stance in Liebig’s laboratory g^vg its composition 

Carbon, . 39*28 or 5 atoms = 3*75 or per*ceftt 39*48 

Hydrogen, . 2*95 or ^2 atoms 1 = 0*25 * ... 2*63 

Azote, . 36*35 or 2 aton^ =: 3*5 • ... 36.84 « 

Oxygen, .• 21*4^ or 2 atoms = 5 ^* ...• 21*05 

• ^ . • _ _ 

100.00*. 9*5 • .100* 

St>.that its formula is O’ IP Az-*0* = 9*5jt W^bave secn*b^ 
fore that the formula for uric acid is j^z^ O^. Now the^ 

half of this is O' IP Az^ O’’. So that uric ^oxide differs from 
uric acid by containing one atom foss oxygen. It may probably 
bc.at least occasionally an ingredient in urine ; though it is so 
very seldom deposited in a Solid form. • 

SECTION IT.-OP CYSTIN. • * 

This name hsis been applied to the substances constituting the 
whole, or almost the w’hole of the calculus first observed and de¬ 
scribed by Dr Wollaston, and called by him cystic oxide, f This 
calculus T)r Wolbiston had obtiiined about the year 1805 from 
Dr Reeve of Norwich. It had been taken from his brother, when 
he was five years old, and at that time was co\^*r<?d iDy a coating 
of jdiosphate of Rme very loose in its (bxture, and consequently 
very soon separated. Dr Wollaston only met with one other 
calculus of the same kind. It wa* in the collection of calculi in 
Guy’s Hospital, and was No. 46 of that collection. It was ex¬ 
tracted by the usual operation from Williaift Small, a, man of 
36 years of age. Dr Henry of ^Manchester afterwards found 
two calculi in his collection belonging to the same species; and 
Dr Marcet detected cystic oxide calculus in no fewer than three 
different cases, of which he hastgiven a descripti|)n.J Some years, 
ago I was kindly presented with another calculus belonging to 
the same species by Dr Apjohn, which had been extractedd)y the 
usual operation in Dublin. IVL Lassaigne, in 1823, announced 
that he had found the same substance in a calculus ti*om ^ dog.§ 

* There must be a typographical error in the dat.i from which t&s composi. 
tion was ticduced. For when we calculate from them the result diflera enor¬ 
mously from the statement in the text, deduced by I>iebig from his analysis, 

t Phil. Trans. 1810, p. 

t On the Chemical History and Medical Treatment of Calculous DisorderSf 
1 «* 2 «- 

§ A|>n. dc Cbim. ct dc Phy**. xxiii. 328. • 
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But his analysis differs so much^from that of cystic oxide by Br 
Prout, that I consider it imposjdbje that both operated upon the 
samfe substahceL Two cystic oxide calculi exist also in the Muse¬ 
um of St Bartholomew, and have been described by Mr Taylor,* 
One of them weighed 740 grains. It is, therefore, the largest 
"calculus of this species hilhprto observed.. It was analyzed by 
Mr Taylor, and found coa&posed of,* , 

•• Cy^ic oxide, . • . 91 

Pho^hatc of lime, . . 3*8 . • 

Ammonia-phosphate of magnesia, . .1 •() 

Animal matter, . . f 4*2 

* 100*0 

About the year-1836, M. O. Ilenrie got two very small calculi 
of the same species, w'hich had been passed witli great pain by 
an ihdividual 50 years of age. f 

Cystie oxide calculi have a pale yellow colour, are triuisluccnt, 
and a^ear irregularly crystallized. ’They are not composed of 
distinct laminae, but constitute one compact mass. They have 
also a peculiar glistening lustre, like that of a body having a 
high refractive density. 

When cy6tit oxide •is submitted to destructive distillation, it 
yields foetid carbonate of ammonia, partly fluid, and partly in a 
solid state, a heavy foetid oil, and there remains a black spongy 
coal, much smaller in proportion than is found after the distilla¬ 
tion of uric acid calculi. 

Undeif the blowf)ipe it may be distinguished by the smell, wliich 
At no period resembles that of hydrocyanic acid; but, in addition 
to the usual smell of burnt animal substances, there is a peculiar 
foetor quite different from that of any other substance. 

«. Cystic oxide is, not soluble in water, alcohol, acetic acid, tar¬ 
taric acid, citric acid, nor in,bicarbonate of ammonia. It is dis¬ 
solved^ in considerable quantity by muriatic, nitric, sulphuric, 
phosphoric, and oxalic acids. It is also dissolved readily by pure 
alkalii^e menstrua, by potash, soda, ammonia, and lime-water. 
' Even bicarbonates of potash and soda dissolve it 

The combination of cystic oxide with acids may be made to 
crystallize without difficulty, and they form slender spiculm ra¬ 
diating from a centre, which readily dissqlve again in water, un- 

* T' lil. r»iug, bcric^) xii. 237. -f- Jour, do IMiann., xxiii. 7L 
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less they have been injured by hanflg been in any degree over¬ 
heated. The muriatic salt is d&iomposed at 212% in consequence 
of the volatility of its acid, and*the rest are easily destroyed by 
a greater excess of heat * 

The salt formed by combination witb, nitric acid does not ^ 
yield oxalic not*becomc red whei\ similarly trea^ 

ed ^th uric bcid; W assumes a*brown colour, becoming gra¬ 
dually darker till it is pltimatcly black. • . 

• When the combinations with ulkalies ar(^ evaporated theylcave 
small granular crystals. The only definite*form observed w^ 
that of flat hexagonal plates. But the primary shape of the crys- • 
tal could not be ascertained. On the cyslic oxide calculus in 
Guy’s Hospital minute crystals nearly cubical were observed; but 
whether these were crysta't of cyst^ oxide was jiot determined. 
Dr Prout subjected cystic oxide to an ultimate analysis, and 


obtained. 

• 

• 

Carbon, 

29*875 or 6 atoms = 4 o or per 

cent 30 

Hydrogen, 

5*125 OP 6 atoms = 0.75 

5 • 

A 

Azote, 

11*85 or 1 atom = 1*75 

11*67 

Oxygen, 

53*150 or 8 atoms = 8*00 

• 

• 53*33 

A. . 


100*00 15*. 

. 100* 


These numbersonerely express the siuallest ratios of the number 
of atoms of each constituent which cystin contains. For no ex¬ 
periments have been made to determine its atomic weight. The 
analogy of uric oxide and urea would lead us to double the num¬ 
ber of atoms of each constituent, and to represent the constitu¬ 
tion of cystin by the following formula, G* Az^ O*® = SJ. 

SECTION III.—OF ALLAN TOIN. 

Tliis substance was first detected by Vauquetin and Bunivap 
the liquor of the amnios of the cow, and was called by them rwn- 
niotic acid* It was afterwards found that the liquor frqpi which 
it was extracted was not that contained in the amnios but in the 
allantois. This induced chemists to change its name to cdlantoic 
acid; and Wohler and Liebig having found it incapable of neu¬ 
tralizing alkaline bases changed that name to allantoin. 

An account has been given in the Chemistry of Vegetable 
Bodies, (p. 212) of the method employed by Wohler and Liebig 

* Ann. df* Cltiin. xwiii. 279. 
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to form allantoin artificially. But it will be requisite in this 
place to be somewhat more particular. 

Pure uric acid extracted from tlie excrements of serpents was 
mixed with water* to the consistence of a thin pap. This'mix¬ 
ture was raised to the boiling poiht., and* peroxide of lead in fine 
powder was added by littloc and* little. 'A reacticyi took place, 
carbonic acid was given out with cffei;vescence., Tlie pap thick¬ 
ened considerably unless water was adde/I; and the peroxide of 
lead disappeared. IVfore and more of this peroxide was cautious 
,Jy a(^ded, taking ciire to renew the water and to keep the whole 
in a boiling heat till the mixture, by assuming a chocolate colour, 
indicated that a slight excess of peroxide had'becn added. The 
whole was then filtered while hot, and die matter on the filter was 
repeatedly washed with boiling water. 

The filtered liquid was colourless, and on (;ooVng deposited a 
great number of hprd brilliant crystals, which w'crc colourless, or 
had only a very slight tint of yellow. These crysbils constitute 
allantoin. The mother water by evaporation yields an addition¬ 
al quantity of them. 

The liquid*, after depositing the allantoin, having been evapo¬ 
rated to^the consistence of a syrup over the water-bath, yielded 
on cooling long prismatic crystals of urea. The white matter 
collected on the filter is oxalate of lead. If we wash it, mix it 
with water, and pass through it a current of sulphuretted hydro¬ 
gen, the oxalic acid freed from^lead dissolves in the water, and 
may be obtained in crystals. 

Thus the products of the reaction of uric acid and peroxide of 
Iqad are allantoin, urea, oxalic add, carbonic add, and protoxide 
of had, and these are the only products. 

Wohler and Liebig compared the allantoin thus obtained with 
a^ quantity of alltmtoin from the liquor of the allantois of a calf 
which they had in fheir possession, and found the two to agree in 
their cl\aracters and composition. 

The crystals are colourless and transparent Their primitive 
form is a rhomboid. They are hard and their faces are very 
hrillianfi JThey are tasteless and do not alter the colour of lit¬ 
mus-paper. At 68^* allantoin is soluble in 160 times its weight of 
water. But it is much more soluble in hot water, and crystal¬ 
lizes while the solution Is cooling. It does not combine with the 

• Ann. de Cbim. et de Phys. Ixviii. 228. 
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bases into salts, and therefore not entitled to be. considered as 
an acid. The oxide of silver^ii^kes the only exception to this. 
Allantoin forms with it a compound, which is *a White powder. 
It may be obtained by mixing aqueous solutions of nitrate of sil¬ 
ver and allantoin together, and ^ding amiaonia drop by drop^as 
long as a preeipitate,continues to The dilute acids decom¬ 

pose this compound, disengaging the allantoin. 

Ac a high temperature it is decomposed by the <9austic alka¬ 
lies into ammonia and oxalic acid. This decomposition is mbst 
easily observed when we employ barytes. It we dissolve allan 
toin in boiling hot biirytes water, ammonia is disengaged and a 
white powder falls,*which is oxala*te of barytes. When allantoin 
i% heated with sulphuric Jicid exactly the same decomposition 
takes place; only instead of oxaliu acid, carbonic acid and car¬ 
bonic oxide are disengaged, and the ammonia combipes with the 
acid. ^ 

Allantoin being subjected to an ultimate analysis ir Liebig’s 


laboratory, was 
Carbon, . 

found composed of, 

30*20 or 4 atoms = 3*000 or 

percent. 30*38 

Hydrogen, 

4*04 or 3 atoms = 0*375 

V 

• • • 

3*80 

Azote, 

35*27 or 2 atoms = 3*500 

• » • 

*35*44 

Oxygen, . 

30*49 or 3 atoms = 3*000 , 

% * 

• • • 

30*38 


100*00 9*875 


100* 


We might consider it as a compound of, 

2 atoms cyanogen, . C* Az® 

3 atoms w'ater, . . * 

To convert it into oxalate of ammonia, or -f Az H®, we 

must add three atoms water. We have then, 

Allantoin, . C* Az^ 

3 atoms water, . IP _ 0* 

C* H® Az® 0®.Nowt'yo atoms 

oxalate of ammonia, C* O® -|- Az® H® 

The compound of allantoin and oxide of silver being mialyzed 
in Liebig’s laboratory, was found composed of, , 

. Allantoin, . 56*45 or 18*79 

Oude of silver, 43*55 or 44*5 


100* 
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If it con^st 2 atoms allaiitoin^united .witli one atom oxide of 
silver, then an atom of allantoic, wjll weigh 9*4, which approaclies 
the number 9*875, resulting from Liebig’s formula. 

The constitution of allantoin, urea,^ and oxalic acid (>eing 
ki^pwn, it is easy to aee what happens when uric acid and per¬ 
oxide of lead are made to act^upon each otl^pr. • 

1 atom uric acid isj . • Az^*H^ O* 

Subtract 1 atom urea, G® Az* 


Hemnins, 

C« 

Az2 

.O* 

Add O from peroxide of lead. 

> 

m 

• 

O" 

• 


Az" 

0« 

Now Az" O® are*resolvaWe 



jnto 2 atoms oxalic acid. 

(> 


O® 

2 atoms c;/anogen. 

c* 

Az" 


« t 

o 

Az" 

o® 


Now we have seen already that if three atoms water be added 
to 2 atoms cyanogen, we have an atom of allantoin or Ayr 
hP • 

Thus we sefe iSiat 1 atom of uric ac’id + 2 atoms oxygen + 
.‘5 atoms water, form “ 

1 atom urea, , IP Az- <T 

2 atoms oxalic acid, < . C* 

1 atom allantoin, . hP Az' 

C‘®H'Az«0'' 

Which is the same as 

1 atom uric acid, . C'®IP Az^ O® 

2 atoms gxygen, O® 

2 atoms water, , . IP 

t - 

C'®PP Az* 0» 

The cgrbonic acid evolved is obviously owing to the action of 
the peroxido of lead on the oxalic acid. 

Liebig conceives that the reason why the atomic weight of al¬ 
lantoin in the allantoate.of silver is less than that deduced from 
analysis, is that two atoms of allantoin, w];)en they unite with 
oxide of silver, lose an atom of water, so that they become C“ 
Az* H® O'. 
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SECTION IV.-OF ALLOXANE OR ERYTHRIC ACID. 

This remarkable substance j^a^ discovered in 1819 by Dr Gas- 
pard Brugnatelli ;* but succeeding experimenters ^re unable to 
succeed in forming it till it was discovered’again in 1838 by 
Wohler and Liebigs who gave, a minute detail of the process • 
which they fcdlowed.J’ * , • * 

The substances formed by the actidn of nitric acid on uric acid 
vary with the strength «f the nitric acid and* tlie temperature. 
AJloxanc is the compound obtained when the nitric acid is ^n- 
centrated. If we put into cold nitric acid of the specific gravitj;^ 
1*425 dry uric acid,% strong eflervescence ^takes place, a good * 
deal of carbonic adld is disengaged together with some nitrous 
aeid, and when the gases ^se to be evolved, the liquid assumes 
the state of a thick bouillee consisting of small prismatic crystals. 
The mother w^cr contains ammonia. A gentle heaf determines 
the evolution of pure azotic gas. The mass contains ndthing 
but ammonia, and the small crystals, which consist ofi pure al- 
loxane, * - * 


If in this experiment we employ a great excess of nitric acid, 
and if we boil it with the crystals, on allowing the matter to cool, 
long straight prismatic crystals are formed, having a very strong 
resemblance to oxalic acid. • , • * 

If we employ* nitric acid of the specific gravity 1*55, alloxane 
is still formed; but a portion of the uric acid imdergocs other 
modifications. Small masses of«it become brown or black as if 
charred, and tlie colouring matter which is developed is not easily 
removed from the crystals. * • 

Wiihler and Liebig employed the following process for pne- 
paring alloxane. The most concentrated fuming nitric acid is 
mixed with the ordinary acid of commerce so as to form a liquid 
having a specific gravity from 1*45 to 1*5. yJds mixture is put 
into a very shallow porcelain evaporating basin, and then is ad¬ 
ded to it by little and little at a time half its weight of dry uric 
add; every portion added being mixed veiy carefully with the 
nitric acid. On every addition an efiervescence takes p^ice, and 
care must be taken to wait till tlie e£Per?escence is over, and 
the liquid cold, before any more of the uric add be added. 

By tliis process we obtain a mass almost solid, condsting of 
l^liant and transpi^ent crystals. It is poured upon a very 
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porous brick .or upon bloa^ng'-p^per. Jn twenty-four hours the 
liquid portion is removed, and there remains a dry white powder, 
eaidly purifidd by repeated crystallizations. It is mixed with its 
own weight of watbr in a porcelain capsule, and heated till com¬ 
plete solution takes.place. The solution being filtered and left 
•in a warm plaee, colourlesf?transparent crjrstals, having the dia¬ 
mond lustre and considefable hulk, are gradually deported. 
These crystals constitute alloxane in a state of purity. 

' Alloxane cr}’shilli’?es in water under different forms. On id- 
lowing a hot saturated solution to cool, very bulky crystals are 
formed, very deliquescent, and containing « great deal of tvater 
of crystallization. The crystals deposited ifl a hot solution are 
always anhydrous, and do not offloresjfe. The fonn of the crystid 
is a right piism jwith a rectaiigular Uise, and its jn-imary form is 
a rhoniboi(|. They have a pearly lustre, especiitlly after having 
been kept for some time, and may Ikj easily obtained an inch in 
length. , The anhydrous crystals have the form of pyroxen; the 
pritnitiye form being jfn oblic^uc prisrfl with a rliomboidal base. 
The crystals have usually the form of rliomboidal octahedrons 
truncated on*the angles. They have a vitreous lustre, are trans¬ 
parent knd much smaller than ftie hydrous crystals. 

Alloxane is salujile in alcohol, and very soluble in water. Its 
solution communicates a ared stain to the skiit; and a peculiar 
disagreeable smell. It reddens litmus-paper ; but loses that 
property when a base is present although it <loes not form a salt 
Its solution does not decompose the carbonates of lime or barytes. 
Oxide of lead may be boiled with it, w'ithout oocasioning any ni¬ 
tration. From these facts, it is obviously not entitled to the 
name of acid. 

After the addition of an excess of barytes water, the liquid so- 
Intion of alloxane ^remains for somo time clear and colourless, 
but after some hours, it deposites white brilliant crystals, which 
are soluble in hot water, and again deposited when the solution 
cools. An excess of lime-water occaraons an immediate white 
crystalline precipitate, soluble in a great quantify of water. 

When ajloxane is mixed with the salts of protoxide of iron, it 
occasions at first no precipitate; but the liquid assumes an intense 
indigo blue colour. 

Alloxane, heated with sulphuric acid and metallic copper, does 
not give out a trace of oxide of azote or of nitrous acid. When 
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a solution of alloxane w gently heated with per,oxide of lead, 
pure carbonic acid gas is given out After the process is over, 
we obtain a white magma of carbonate of lead, containing merely 
a trade of oxalate. The filtered liquor does not contain any 
lead; but when evaporated, yields crystals of urea, mixed with.a 
very minute <]^viantity^of 'a wdiite powder. Thus by the action of 
peroxide of lead, alloxanc is decomposed into carlmnic acid and 
urea. • • 

•^lloxanc was analyzed with much care i» Liebig’s laboratory. 
The atoms of varbon were to those of azote as 4 : 1. The mean' 
of five analyses made<with oxide of copper gave, 

Carbon, 3()*S2 or 8 atoms •= 6 or j^er cent 30 


Pydrogen, 2*54 or J atoms ^ 0*5 ... 2*5 

Azote, 17*63 or 2 atoms oc 3*5 •... 17*5 

Oxygon, •19*6l or 10 atoms = 10*0 ... , *50*0 

lOO-OO 20*0 .100. 


The theoretic eonstitutioTi, or Az* corresponds very 
well with the analysis. 

When the crystals of hydrated alloxanc are heated, the water 
which they contain is disengagecT, and they are converted into 
small crystals of anhydrous alloxanc. This, as Is Veil-known, 
is the case wdica Sulphate of zinc is headed. The hydrated crys¬ 
tals effloresce very quickly in a hot place or in a vacuum, be¬ 
come opaque and white, and fall into powder. When de¬ 
prived of their water by heat, they diminish in weight about 26*3 
per cent—^licncc they are composed of, * • 

1 atom alloxanc, 20 or 74*76 » 

6 atoms water, 6*75 or 2t5*24 

• lOp/ 

When alloxane is heated, the crystals assume a slight shade 
of red. ^ 

The composition of alloxane being known, it is easy to explain 
its formation by the action of nitric acid on luric acid. „ 

It has been already stated that uric acid may be CAnsidcred 
as a coriqpound of an unknown acid and urea. 

1 atom of urea is C* Az* O* 

1 atom of the acid, C® Az* O 
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The urea is clisengageil/and there remains the 
acid, W Az«0 

' Add ^ alibnis oxygen, . . O* 

4 atoms water, . . ^ IP 


weliavc \ O'H‘Az'-O"' 

• • 

M'hich is an atom of alloxatie. 

yhe uroti, as is well known, and the nitrous acid formed mu- 
ti'iaily, decompose each other into nitrite of ammonia, and free 
cyanic acid. The nitrite of ammonia, by a gertle heat, is de¬ 
composed into azotic gas and w'ater; whil^ tlie cyanic acid, along 
with the elements of water, is decomposed^ into ammonia and 
carbonic add. Equal volumes of ^hese two gases ought te bti 
disengaged, while the proportion oPaminonia formed by the de¬ 
composition of the cyanic acid ought to remain in the liquid. 
Now, as all this is what actually takes place, there can he no 
doubt of the accuracy of the explanation of the action^^of nitric 
acid on uric acid given by Wohler and Liebig. 

AVhen cijystals of anhydrous alloxane are dissolved in concen¬ 
trated muratic acid by the assistance of heat, we perceive an ef¬ 
fervescence which continues tilf the action is complete. The pro¬ 
ducts differ* aflcording to the mode of proceeding. If we only 
heat the solution for a iew' minutes it becomes muddy, and de- 
posites on cooling a great number of brilliant and transparent 
crystals of alloxantin. The solution being freed from these crys¬ 
tals, and purified from muriatic acid by evaporation, gives crys¬ 
tals of okalate of Wmonia. The decomposition consists in the 
^separation of two atoms of alloxane into oxalic acid, oxaluric 
acid, and alloxantin. 

• r 1 atom oxalic acid, = C* CP 

2 atoms alloxane I 1 omIiwc acid, = O' H' Az* O' 

= H* Az^ CP° — I ^ atym alloxantin, = C® IP Az* 


L O® IP Az* 0»‘ 

Tl^e oxaluric acid, by boiling with muriatic acid, is decompos- 
t‘d into cyanate of ammonia, the acid of which, in presence of the 
same agent, becomes bicarbonate of ammonia. • 

Alloxane treated jn the same way with dilute sulphuric acid 
giveg the same products. This is a ver^ convenient and rapid 
w'ay of obtaining alloxantin. 

By a long continued boiling, the alloxantin disappears in its 
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turn, and a new yellow |K>wde% scarcely soluble in water, is de¬ 
posited. The same substances is*often obtained ^when we trans¬ 
form alloxane into alloxantine by zinc and muriatic acid, ^beu 
we, employ too concentr 9 .ted a solution, or continue the heat too 
long. , . • • 

It is then (lf;posited under the form of a yello^ crust, which 
inay*be pimlfied by w'a^hing. It dissolves readily in ammonia, 
and brilliant, yellow, granular crystals are soon deposited. Wiii^n 
heated w'ith excess of ammonia they are tr£(hs{prmed into a yel¬ 
lowish jelly, very little soluble in w'ater and ammonia. 

Wohler and Liebig dissolved ip ammonia*the yellow crystals 
i)btained by the action of zinc and muriatic acid on alloxane, and 
neutralized the liquid by aeetic acid. The yellow substance se¬ 
parated in a few days. Th6 analysis of it 1^ to*the fonnpla C® 
H’ Az« (.y = n-375. 

When a concentrated solution of pure alloxdne is boiled, car¬ 
bonic acid is given out for a long time.. It then gii^fes with 
barytes a deep blue precipitate, and w'ith carbonate of antmonia 
a rich crystallization of murexide. On cooling, and even dur¬ 
ing the boiling, a great quantity alloxantin falls down, ^ougli 
none originally existed in the liquid. 3 atoms of alloxane gave, 

2 atoms alloxantin, . O'® 

1 atom parabanic acid, . Til® IP Az- O® 

2 atoms carbonic acid, . . O^ 


3 atoms of alloxane . H'- Az® O^ * 

SECTION V.—OF ALLOXANTIN. • 

The solution of uric acid in dilute nitric acid takes place with 
the same phenomena as in concentrated acid. Bqt after a gentle 
evaporation the liquid depositea hard transparent crystals, which* 
are colourless, or have a slight yellow tinge. These crystals have 
been distinguished by Wohler and Liebig by the name of%Zfojr- 
antiru f 

Alloxantin is scarcely soluble in cold water. It dissolves, 
though slowly, in boiling water, but is almost wholly deposited in 
crystals as the solution cools. Even after five or six successive 
crystallizations it reddens litmus-paper; yet it wants the charac- 

* Ann. der Pbarm. xxxviiir357. 

I Ann. dc Chim. et de Phys. Ixviii. 2*27. 



116 ANIMAL OXIDES WITH AZOTE NOT OILY. 

• , • ^ 

ters of an acid; for when it ('.cy;ne8 in^contact with a base it is 
immediately decomposed. , , 

When l^rytcs water is added to a solution of alloxantin, a 
copious precipitalc of a fine violet colour falls, which bccQpiea 
white, and then disaj)j)ears entirely w’hen the liquor is boiled. An 
excess of barytes throws (Mviin a fine white yrecipitpte. The reac¬ 
tion of alloxantin with nitrfiteof silver is ypry roinarkablc. As soon 
as^the twoF liquids come in contact, a black precipitate of metiil- 
lio silver falls, though no gas whatever is evolved, nor any tiling 
“ else thrown down. AVhen the liquid is separated from the me¬ 
tallic silver by filtration, liarytes water throws dow*n a white pre¬ 
cipitate from it With selenious acid it ai^ts in the same way, a 
red precipitate of selenium falling. , 

When alloxiantin is placed in an atmosphere containing gase¬ 
ous ammonia, it assumes a red colour, its crystais become ojiaque, 
and lo»e no w^eight though exposed to a temperature of 212'. 
At a higher temperature they lose water. 

Alloxantin was subjected to an ultimate analysis in Liebig's 
laboratory. The mean of four different analyses gave 
Carbon, . 30*06 or 8 atoms = 6*0 or per cent. 29*82 

Hydrogen, . 3*16 or 5^atoms = 0.62o ... 3*10 

Azote, .* .* •17*53 or 2 atoms = 3*.5 ... 17*40 

Oxygen, . . 49*25\)r 10 atoms = 10*0 ... 49*68 


100*00 • 20*125 100* 

This gave the formula C® IP Az^ = 20*125. So tluit al¬ 

loxantin differs from alloxane by containing an additional atom 
•of hydrogen. 

When alloxantin is formed in dilute nitric acid, one atom of 
oxygen only Ipstead of two unites to the elements of the acid, C® 
• Az^ which, united to urea, constitutes uric acud. Hence the 
nitric is converted into nitrous acid (Az O^.) This acid, by the 
contflct of water, is decomposed into hyponitrous acid (Az (>*), 
and nitric acid (Az O’); only one of these decomposes the urea. 
Thetconsequence is, that a quantity of urea remains undccom- 
posed ill the liqmd. Accordingly, if we add nitric acid, crystals 
of nitrate of urea are deposited. 

When alloxane is treated by dcoxygenizing bodies, it is con¬ 
verted into alloxantin. Thus, if we pags a current of sulphuret¬ 
ted hydrogt.’U gas through a moderately concentrated solution of 

3 
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alloxane, the liquid becomes mu^dy, and a precipitate of pure sul¬ 
phur falls. Soon after a white crystalline powder is deposited, 
and if the solution of alloxane was concentrated; the liquor as- 
sumes'the form of a thick magma of crystals of tilloxantin. When 
the precipitate is treated with boiling water it dissolves, with t^je 
exception of the sulphur’ and deposijtee a large quantity of allox-* 
antiA in white transparent arystals. • 

We convert alloxane into alloxantin also by atldin^to its solu- 
tiep a little muriatic acid, and then introducing a piece of zmb. 
After an internal of some hours a considerable*dcposite of allox-« 
antin makes its appearance under the form of a crystalline crust. 

Protochloridc of *1111 likewise tfirows down alloxantin from a 
solution of alloxane. ^ 

On the other hand, when«alloxantin is treated by oxygenizing 
bodies, it is converted into alloxane. If we add a few drqps of nitric 
acid to a solution of it, a slight effervescence isu)bservcd, andthe 
products of the decomposition of tliat acid are given out • Wlien 
the liquid is evaporated to \he consistence’of a syrup it cqngeals 
into a crystalline mass, which, being dissolved in water, the 
solution, when evaporated, spontaneously deposites colourless 
crystals of alloxane. * * 

•Alloxantin docs not produce anything else thafti itlloxane: no 
ammonia nor an^ other substance is evtdved. 

When ammonia is added to a hot solution of alloxantin it be¬ 
comes purple; but the colour disappears by the action of heat, 
and also some time after the hot solution is allowed to cool. When 
ammonia is added to alloxane, scarcely a scniible chailge of co¬ 
lour tak* place. When we add nitric acid to alloxantin, drop 
by drop, we observe, when w’e saturate a portion of it from time 
to time with ammonia, and heat it a little, that the solution ac¬ 
quires a more and more intense purple colour.. After the addw 
tion of a certain quantity of nitric ,ncid, and afterwards of am¬ 
monia, the purple colour becomes so deep that tlie liquid loses 
its transparency. But if more than a certain proportion of ni¬ 
tric acid be added, this property disappears. ^ 

A solution of uric acid in dilute nitric acid treated immediate¬ 
ly by ammonia does not acquire a purple colour, or at least 
speedily loses it again. The same solution,subjected during some 
minutes to boiling, or pven gentle heat, takes with ammonia a 
deep purple colour, and gives a considerable quantity of the 
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beautiful contharides green* crystals constituting thepurpurate of 
ammonia of !l?rout. But we do not o1t)tain them, if we conti* 
nue,the heat beyond a certain'time; the solution even loses 
the property of becoming coloured with ammonia. The teasou 
of these phenomena, is obvious: the solution of alloxantin treat- 
with a certain quantity .ef nitric acid and amiponia furnishes 
the green crystals. But .wl^en all jbhe aflox^tih is converted 
into alloxane bydhe action of the nitric^acid, these crystals cease 
to tfiake their appeaj^ance. ' • 

Kitrate of silver converts alloxantin into alloxane, by giving 
out an atom of oxygen, which forms water with the additional 
atom of hydrogen, wlule the silver is precipitated in the metal¬ 
lic state. 

*. * 

€ ‘ 

SECTION VI.-OF URAMILE. • 

•» 

Pare urnmile* is obtained by boiling for some minutes a mix¬ 
ture of tliionuric acid or thionurate of ammonia, and dilute sul- 
phUric.or muriatic acid. The solutioh, even though dilute, con¬ 
cretes at that temperature into a white magma consisting of ver) 
minute briltiant needles. This magma is easily washed, and di¬ 
minishes enormously in volumd when dried. 

ITramile niaj bp prepared exceedingly beautiful by dissolving 
thionurate of ammonia iir cold water, heating tiic solution to the 
boiling point, adding the requisite quantity of muriatic acid, 
keeping the mixture boiling foy a few minutes, and then allowing 
it to cool. In this case the uramile is formed slowly, and crys¬ 
tallizes in long brilliant hard needles, having a feathe^ form. 

« Dr Gregory of Aberdeen lias given the following ^ccss for 
preparing uramile: Dissolve thionurate of ammonia in boiling 
water, add a small excess of dilute sulphuric acid, and boil for a 
^short time. Even while hot uramile is deposited in large quan¬ 
tity. It is to be collected and dried by pressure. 

Dry uramile is white, has a satiny lustre, is insoluble in cold 
water; but slightly soluble in boiling water, from which it sepa¬ 
rates ^ the liquid cools. It dissolves in ammonia and is thrown 
down 'unaltered by the addition of acids to the solution. When 
boiled with ammonia it is decomposed; the liquid hecopnes yel¬ 
lowish, and acquires the property of assuming a deep purple co¬ 
lour and of depositing green crystalline needles. Uramile con- 

* Ann. dc Chim ot dt* Phys. Ixviii. 261. 
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tains no sulphuric acid. By nitric a^d it is decompdsed with ef¬ 
fervescence. When thfi solutton is evaporated and saturated 
with ammonia, it assumes a j^uiPple colour like, the solution of 
uric acid in nitric acid. • 

Uramile is soluble in*pota8h ley and in sulphuric acid. It is 
precipitated ujialtered from the* former by acids^ and from tlie^ 
latter by wat^. ^ ^ , 

When heated with d^ideof copper the carbonic acid and azo- 
gases evolved were to each ether as 8 :^3. When dried by 
aruficial heat it assumes a slight shade of re^ •The mean of four 
analyses in Liebig s laboratory, by means of oxide of copper, gave 
the constituents of uramile as follows: * 

^Carbon, . 32*83 or 8«atoms := 6 or per cent, 33*56 

Hydrogen, 3*75 or 5^toms ==^0*625 3*50 

Azote, . ^8*72 or 3 atoms =*5*250 .^ 28*38 

Oxygen, . 34*70or 6 atoms = 6*000 ^... ’ 33*56 

100*00 . 17-8 K * 1*00*00 

Thus it appears, that, at a boiling temperature, thionuric acid 
is decomposed into one atom of uramile and two atoms of sul¬ 
phuric acid. • * • 

1 atom thionuric acid is, . C« H’’ S’ 

1 atom iftramile, . . H’*Az^ O® 


j^lemain O® S'^ 

which is equivalent to two atoms of sulphuric acid. 

• • 

SBCTION A^II.- OF MUREXIDE. * ^ 

This is the substance which Dr Prout first obtained by adding 
ammonia to a solution of uric acid in nitric acid, and which he 
described under the name oi^urpuratB of anpnoiwt. The pre^ 
paration of it was so uncertain, and depended upon so many 
circumstances wliich had not been determined, tliat scarcely any 
chemist was able to succeed in obtaining it till the subject was 
investigated by Wohler and Liebig. 

Dr Prout found that this substance dissolves in the Alkalies 
while qmnionia is evolved, and that the acids precipitate from its 
solution a white or yellow matter in fiiie^ brilliant plates. This 
I ast substance he called purpnric acid, 

" Ann. do Chim. ot do l*hjN. hviii. ;J14. 
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The subsequent experimAits Vauquelin* and ljassaignc,t 
show only that these chemists conceived that there existed in pur- 
purat^ of ammonia another substance, besides those pointed out 
by Prout, but which they did not obtain or characterize by any 
positive results. . 

• idurexide was obtained by* JVdhleranJLicbig injtlie following 
manner: One part of uric acid was put into a porcelain capSule 
and moistcqpd wkh thirty-two times its .weight of water. The 
mixfhrc was raised to»the boiling point, and nitric acid of speci- 
Jic gravity 1*425 jfrcviously mixed with twice its weight of water 
was added by small quantities at a time, waiting till the efFer- 
vesccnce was at an end before h new quantity was added. The 
addition of nitric acid was stopped wh^n only a trace of uric acsid 
remained. The liquid was raised to the boiling point, filtered 
and evaporated by a gentle heat During this evaporation a 
sligli4 effervescency w*as continually observed. Tin? liquid when 
concentr{itcd to a certain point became coloured. The evapora¬ 
tion was stopped when the liquid assiufied the colour of an onion. 
It was cooled down to 158°, and then dilute caustic ammonia 
wiis added. * 

The bucccss of the process defpends upon the quantity of am¬ 
monia, and oo tire, tenqreraturc. The liquid should contain a 
very slight excess of ammonia. It ought neither to be cold nor 
hotter than 158°; otherwise the com|M)und is destroyed by the 
free ammonia and anotlier formed. The colour of tlie liquid is 
so intense that it is opaque. We cannot therefore assist our¬ 
selves in detcrminifig the re([uisite proportions by the reactions of 
vegetable blues. The smell is the best means of determining if 
the quantity of ammonia added be sufficient 

Dr Gregory of Aberdeen has given the following process for 
preparing murexide: Dissolve sewen grains of alloxane (con¬ 
taining its water of crystallization), and four of alloxantin in 240 
grains ^f water by boiling, and add the hot solution to 80 minims 
of a cold strong solution of carbonate of ammonia. Collect the 
crystals after some hours, slightly wash them with cold water, and 
dry them J)y pressure between folds of paper. | 

During and after the cooling are deposited the magnificent 
crystals of murexide. ,They have a green colour and the mehil- 

• Jour. Hr Pb\'s. Txxxviii. 258. f Ann. dc Chim. et do Pliys. xxii. 

t Ann. tier Phuran. xxxiii. 334. 
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lie lustre. They are geperally^mixed with a red fiocky powder; 

from which the crystals are ea^ly freed by dilute ammonia, in 
which the powder is soluble. * * • 

Sometimes when the temperature, during the addition of the 
ammonia, has sunk too low, it w^ found advantageous, when the 
quantity of aqpnonia /id<lcd was sufficitjnt, to pour* into the liquid* 
its o^n bulk of boiling^ water. The hrystels then were deposit¬ 
ed slower, and were of remarkable beauty. * • ^ 

•But the easiest process, and the one which yields murcxid^ in 
the state of groiitest beauty, is tlie following: ^lix equal weights* 
of uramile and rod otide of mercury with from twenty-four to 
thirty times their \fcight of w'ater, add caustic ammonia to the 
mixture, and raise it gradu|^ly to a boiling temperature. A very 
little ammonia is sufficient • The solution gradually acquires an 
intensi‘ purple cftlour. When it begins to boil it is (q^aque, and 
has a thick consistence. After allowing it to boil a few miflutes 
p.ass it tlirough a filter. Generally flocks of uramile adhere to the 
filter. They may be washed off and heated anew with oxide 
of mercury and ammonia. It yields, like the first solution, crys¬ 
tals of murcxidc. The addition of carlxinate of ammonia when 
the liquid is almost cold generally occasions the formation of 
more crystals. • • * * 

The crystals df murcxidc are always small, never exceeding 
three or four lines in length. They are short four-sided prisms, 
two of the faces of which reflect the Jight of a metallic green co¬ 
lour like the wings of cantharides, while the two other faces ex¬ 
hibit a mixture of brown. When seen by solar light *thcy have 
a garnet red colour, and arc transparent Thus they resemble 
in colour the beautiful crystals of sulphomolybdate of potassium. 
When in pow'der the substance is red; but under the burnisher 
becomes green and assumes tiie metdlic lustr^. ^ 

Murcxidc is very little soluble jn cold water, though it gives 
it a deep purple colour. It dissolves more readily in ho^ water. 
It is insoluble in alcohol and etiicr. A saturated solution of car¬ 
bonate of ammonia scarcely takes up a trace of it Hqiice this 
salt may be employed with advantage to purify mur«xide from 
substances which arc soluble in it. It dissolves in caustic potash, 
assuming a fine blue colour. 

The formation of njimcxide is the result of the action of am¬ 
monia upon the alloxaiic and alloxantin which exist in the nitric 
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acid solution .of uric acid. * Wtjjder and Liebig have ascertain¬ 
ed that both these substances^ ajre pr^nt, and the former in 
greater projDortion, and that the decompositions which take place 
are very complicated. 

* If we boil a solution of alloxantin in ammonia till the colour 
*at first induced disappears,««lJow the liquid to cool-down to 158®, 
and then add a solution of^lloxane, every drop we add the*J)in:- 
ple colour ®f thef liquid increases in intensity, till at last it be- 
coijes quite opaque.* Soon aflfer we see formed on the side^of 
the vessel and the surface of the liquid brilliant .green crystals 
of murexide. But the quantity of them iff never proportional to 
that of the substances employW. Sometint^s these crystals are 
mixed with red flocks of uramile, ^ily separated by washing 
them cold in caustic ammonia. • 

The piipcipal result of the action of ammonia on alloxantin 
beiil^ the production of uramile, it was natural to think that the 
formation of murexide depended on the action of alloxanc on 
uramilp while ammonia was present.* They found that when a 
solution of alloxantin with sal-ammoniac or oxalate of ammonia 
is heated till the decompoution was eflected and the uramile 
forme(f, if enough of ammonia*be added to redissolvc the preci¬ 
pitate at fir^ foriped,* and after that a solution of alloxanc b(* 
poured in, the colour becomes very intense, and murexide sepa¬ 
rates in considerable quantity. 

We obtain murexide in g^ea^ beauty, though in no great quan¬ 
tity, when, after having decomposed alloxantin by sal-ammoniac, 
we filter bff the ufbmile formed and saturate the residual liquid 
with carbonate of ammonia. Uramile dissolved in ammonia and 
treated with alloxane always gives murexide. 

The co-operation of alloxantin in the production of murexide 
aeems merely to,consist in the/ormation of uramile; but in 
what way alloxane acts seem§ still an enigma. 

Wotiler and Liebig observed that a simple solution of uramile 
in ammonia, evaporated by the assistance of heat, and boiled for 
some time, assumes a deep purple colour, and gives, on cooling, 
a great quantity of murexide. This would seem to prove that 
alloxane does not contribute to the formation of this product, but 
by abandoning a portion of its oxygen. This led them to try 
whether otlier suljstances easily parting with oxygen might not 
be substituted for alloxanc. 


G 
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They found that murexide i^y be prepared with great faci¬ 
lity by putting uramile m boilip^ water, and adding by little and 
little, small quantities of oxide of silver or oxide* of m^ury. 
The dxides are reduced, the liquid assumes a deep purple colour, 
and when filtered yields* pure crystals of murexide. No gas js 
given out dumg the process. ^ *• • * 

The slightest excess of oxide cause^he red colour to disappear. 
The liquid becomes cofourless, and contains airamnipniacal salt, 
wljich behaves with the salts of £lver and barytes like alloxan^ 
of ammonia. , • . 

When the crystals>of murexide arc heated, they lose between 
three and four percent of water? 

.The analysis of murexitjp occasions some, difficulty, in conse¬ 
quence of the readiness with which protoxide of.azote is formed. 
It was avoided 4)y causing the gases to pass through v^ry fine 
copper filings raised to the requisite temperature. The prtpor- 
tioii of azotic gas to tliat of carbonic acid gas, the mea^i of four 
experiments, was 2*084 of the former, to*4*994 of the Iqtter; or 
as 2 : 4*79, or very nearly as 5 *. 12. 

The mean of five analyses in Liebig’s laboratory, *by means of 
oxide of copper, gave * * 


Carbon, 

33*61 or 

12 atoms = 9*00 oi*per cent 33.97 

Hydrogen, 

• 3*00 or 

6 atoms =* 0*75 

2*83 

Azote, 

32*70 or 

5 atoms = 8*75 

33*01 

Oxygen, 

30*69 or 

8 at(pns =r 8.00 

30*19 


100*00 

26*5 • 

• 100*00 


The formula H® Az’ ()® agrees very well with the analysis* 
and its accuracy has been corroborated by Wohler and Liebig 
by the following considerations: 

Murexide is obviously not %n ammoniacal salt; but an ainidc-r 
though a kind of amide hitherto without analog^^. The problem of 
the exact formula would have ]^n easily resolved, il*, by its 
decomposition, it had only given two products like the amides. 
But it gives origin to five different bodies, susceptible themselves 
of being altered by the agents employed to destroy th^ murexide. 
Tills Ipads to the supposition that secondary products are pre¬ 
sent 

A boiling solution of murexide, trcatkl by sulphuric or mu¬ 
riatic acid, dcjiosites in a short time pearly plates, which are white. 
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yellow, or re^lah, and w'liich ^rout has called purpuric acid. 
Liebig and Wohler liave dis^ngmsheA this substance by the 
name of mutexane. 

, SECTION vm.-OF MUREXANE.* 

* We obtain this substance ,when we dissolve mmrexidein caus¬ 
tic potash; boil the liquid till the blue colour disappear, and ihen 
pour into it dilute sulphuric acid. ToK)btain it pure, we have 
only to dissolve the inurexane tlius obtained in potash, and pre¬ 
cipitate it by an acid. It has then the fonn of a v/jry light pow¬ 
der, very porous, having a silky lustre, and becoming red when 
exposed to the vapour of ammonia. It is insoluble in water and 
in dilute acids; but* soluble withoutjjensible alteration in con¬ 
centrated sulphuric acid, from which it is precipitated by wa¬ 
ter. It dissolves readily in the alkalies and iii ammonia, but 
without neutralizing them. When newly precipitated, it has a 
great resemblance to uramile; but it is easily distinguishable 
both by its reaction and by its composition. 

When burnt with oxide of copper, it gives azotic and carbonic 
acid gases in the proportion 1 *. .3. 

The mean of four analyses made in Liebig’s laboratory gives 
its compositions—^ 

Carbon, 32*76 or 6 atoms = 4*5 or per cent 33*33 

Hydrogen, 3*73 or 4 atoms = 0*5 ... 3*70 

Azote . 25*48 or 2 atoms = 3*5 ... 25*93 

Oxygen, 38*03 or 5 atoms = 5*0 ... 37*04 

100*00 13*5 100*00 

Murexane is not the only product of the decomposition of mu- 
rexide. We find ammonia combined with the acid, which was 
employed to throw.jdown the murexane. It may be driven off* by 
the addition of a fixed alkali.. If, after having decomposed mu- 
rexide hy dilute sulphuric acid, we separate the murexane by the 
filter, there remains a colourless liquid, which possesses the fol¬ 
lowing ^aracters: 

When |>laced in contact with nitrate of silver, it assumes a 
black colour, and deposites in a short time metallic silver,^ just as 
would happen to a solution containing alloxantin. Ammonia 
forms in the liquor separated from the silver a dense white pre- 

* Ann. de Chim. et de Phys. Ixviii. 922. 
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cipitate, which becomes yellow on boiling, withouf dissolving. 
In this respect it agrees with a solution of alloxane mixed with 
ammonia. • • ^ 

If we decompose murexidc by muriatic acid, separate the mu- 
rexane, and add barytes w'ater to the acid liquid, a dense preci¬ 
pitate falls of A light violet colour.^ •This reaction indicates th(J 
pre^feiice of alloxantin. The precipitate is not of so deep a vio¬ 
let as with pure alloxamin, but it is not colourless lil^e that irom 
pture alloxane. A current of ^ilphurettcJ hydrogen instahdy 
destroys the C 4 »lour of the murexide. Silky jflates of murexanc ^ 
precipitate; and the diquid gives with barytes water a deep vio¬ 
let precipitate, whih: ammonia is disengaged*. It is obviotis that 
th<5 alloxane become free clianged by the sulphuretted hydro¬ 
gen into alloxantin. • , • 

When we boil murexide wdth a solution of potash till the deep 
indigo blue colour disappear, precipitate the ^lurexane by»mu- 
riatic acid, and neutralize the liquid exactly with ammonia, it 
does not precipitate the sdlts of lime and barytes. But if we lidd 
a new dose of ammonia, dense white flocks fall, which disappear 
when we add a large quantity of water. This reaction charac¬ 
terizes the alloxanates of lime afld barytes. * 

If, after having decomposed murexide by dilute sulphuric acid, 
we pour barytes* water into the cold liquid, as long as a preci|H- 
tate continues to fall, the whole sulphuric acid, and along with 
it all the alloxane and alloxantii^ except a mere trace, are pre¬ 
cipitated. The filtered solutions being treated with carbonate of 
ammonia to separate the free barytes, filtered anew', and evapo¬ 
rated to a small bulk, gives with nitric acid crystals of nitrate ^f 
urea. 

The solution obtained by tlic decomposition of murexide by 
means of sulphuric acid being neutralized by carbonate of anv 
monia, and evaporated in a very jgentle heat, loses, after some 
time, the red colour which it had assumed. It gives a crystal¬ 
line mass, in which it is easy to recognize alloxanate of ammonia 
mixed with sulphate. The same solution being treated with am¬ 
monia and a salt of silver, gives a w'hite precipitate»w£ich, by 
the aetjon of a gentle heat, becomes black while gas is disengaged, 
and is reduced to metallic silver. 

From all these reactions, it results thal murexide produces, by 
its decompositions by acids and alkalies, five different products. 
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namely, ammonia, murexane, £^loxane, alloxantin, and urea. 

Wohler and Liebig consider ^it^ as a combination of various 

amid^ Yet the decomposition of thionurate of ammonia when 

decomposed by tllfe acids gives a greater number of products 

than even murexide. * 

« 

• * 

t I 

, • • CHAPTER H. 

’ OXIDES NOT CONTAINING AZOTE, AND NOT OILY. 

These bodies have been hitherto veiy impeffectly investigated. 
We can’enumerate in the present state of our knowledge only 
four such substances, namely, 

1. Melain. 3. Diabetes sugar. 

2. 100010. 4. Sugar of milk. 

These bodies will constitute the subject of the following sections: 

• • 

SECTION I.—OF MELAIN.* 

Tills name has been given by Bizio to the black matter which 
constitutes the essential constituent of the ink of the cuttle-fish. 
It was first eXatbin^d by Mr G. Kempf in the year 1813, after¬ 
wards by Dr Prout in 1815 and finally by Brzio.§ 

The black liquor of the cuttle-fish is secreted in a bag or blad¬ 
der situated near the caecum, which communicates by a narrow 
duct, with an opening in tlie upper part of the belly of the fish. 
When chased by other fishes, the cuttle-fish is said to discharge 
iwquantity of this liquid, which, by rendering the water muddy, 
enables it to escape from its enemiea Dr Prout found that when 
the black matter in this ink is mixed with water, it takes at least 
a whole week to spbside. It is therefore admirably adapted for 
the pimposcs of concealment. 

The (ink of the sepia when fresh is a black glidry liquid, of a 
viscid consistence, a peculiar fishy smell, and very little taste. 
When flowed to dry in its bladder, it becomes hard and brittle, 
has an imperfectly conchoidal fracture, a brownish-black colour, 
and exhibits a slight peacock-tail lustre on exposure to a*strong 

• From ftiKmc, black. f Nichotsoii's Jour, xxxiv. 34. 

AnnaU of Pbilocophy, V. 417. § Brugn.*Jour. xviii. 18. 
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light ^heii in powder, it hai^ fine velvet black colour, has no 
smell, it taste is saltish, and its^ specific gravity about 1*640. 


Dr Prout analyzed a portion of this dry matter, ifnd found its 
constituents as follows; 

Melain, * ^ 78*00 

.Carbonate of lime, .*• 10*40• 

• • • 

Carbonate of magnesifi, 7*00 

Commo&isalt? \ 2*16 ' 

Suljdiate of soda */ ’ • 

.Mucus, . . 0%4 


• * 98*40 

Melain lias a fine full black colour, and jiossesses the shining 
ajipearance of powdered charcoal. •It is insoluble in muriatic 
and sulphuric Acids, even when assisted by heat; and also in 
a<;ctic acid. Concentrated nitric acid acts on it readily, and with 
considerable energy, abundance of red fumes being bmittpd, 
and at length a partial solution being formed of a very deep 
reddish-brown colour. Potash added to this solution occasions 
no precipitate ; but carbonate of potash occasions a, slight 
one. Caustic potash ley, when assisted by heat, effects a partial 
solution of melain. So does caustic amntonia, iTut'in a slighter 
degree. The colbur of these alkaline solutions is a darker brown 
than of the solutions in nitric acid. When muriatic or sulphu¬ 
ric acid is dropt into the alkaline solution, a slight precipitate 
falls; but this does not happen when nitric acid is em^doyed. 

Melain burns without melting and with considerable difficulty, 
emitting the usual smell of burning animal matters, somewhdl 
modified by a fishy odour. When burnt, it left a minute portion 
of reddish ashes, consisting of a mixture of peroj^de of iron, lime, 
and magnesia. * * ’ 

Melain is insoluble in water, but mixes with that liquid readily 
and remains long suspended; but the addition of the ihineral 
acids or ammonia causes it to subtide rapidly. It is insoluble in 
alcohol and ether. * 

Melain may be obtained from the dried ink of the buttle-fisli 
by boiling that substance in water till every thing soluble in that 
liquid is taken up. It is then treated in .the same way succes¬ 
sively by alcohol and ipuriatic acid. Thus purified, it is to be 
well-washed with water, containing towards the end a little car¬ 
bonate of ammonia. 
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' SECTION IL-OF OONIN. 

e 

This name (from mp, an egg,) lias been given to a peculiar 
principle which M. Couerbc extracted from the albumen of an 
egg in the year and to which he gave at first the name of 
qJUmmirdn, but afterwards changed for oonin,* 

* M. Couerbolefta concentrated solution of albumen from an egg 

in water, in a temperaturd varying from 32® to 18®. The solu¬ 
tion became thick without congealing, and in about a month de¬ 
posited a membranous net-work, which was pretty abundant 

This membranous matter is solid, white, tnuislucent, com¬ 
posed of membranes, tasteless, and without smell. It was easily 
reduced to powder. 

When heated in a glass tube, ahu.^ at one end, it is decomposed 
without melting, and yields no ammonia. During its calcination 
it swells, g.nd leaves a bulky cliarcoal difficult vo burn. When 
dedbmposed by oxide of copper and heat, it gives nothing but 
water and carbonic acid gas. 

It i^ insoluble in water, though it' is softened by that liquid. 
In boiling water it swells without dissolving, and assumes the ap¬ 
pearance of insoluble mucor. 

Alcohol, ether, and acetic acid have no action on it whatever, 
either cold or hot.^ It swells slightly in concentrated sulphuric 
acid while cold; but if we apply a gentle heat, the odnin is ra¬ 
pidly charred, and gives out an agreeable smell. When water 
is added, the charred matter pxecipitates, leaving a colourless di¬ 
lute acid. Cold nitric acid acts but feebly on odnin; but when 
heat is applied, it dissolves it with the evolution of deutoxide of 
azote. The best solvent of odnin is hot muriatic acid. The so¬ 
lution is colourless, and no precipitate falls when it cools; but if 
we add water, the liquid becomes muddy, and a white precipi¬ 
tate falls in the s^te of a very fine powder. 

Alcoholic solution "of potash dissolves it with tlic assistance of 
a littlo^heat When the liquid cools no precipitate appears. If 
we saturate the alkali with muriatic acid, the mixture becomes 
muddjj; but no precipitate fells during twenty-four hours. 
These experiments of Couerbe were repeated and confirmed by 
MM. Soubeiran, and Henri, Jumf 

* Aun. de Chim. et de l^ys. xli. 923. 

^ Jour. Phamt. xv. 495, and xix. 299. 
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SECTION III,—OF diabetes SUGAR. 

It is now universally linown ^lat in the disease called dia 
hetes, the urine contains a considerable quantity of snegar, wliich 
may be ^ily extracted in a state of purity. I'he sweet taste of 
diabetic urine, and, of couHe, the existence of,sugar in it, seems^ 
to have been first observed by Dr WilKs. Sydenham, though he 
describes the diseasg, and distinguishes*it by the name of diabe¬ 
tes, takes no notice of tlfi^ sweet taste of the uri»e, byt only of 
its great quantity.* The first perseth who attempted to obtain tfief 
sugar in a separate state was Mr Cruikshanks. fie gives an ac¬ 
count of his experiments in an appendix to Dr Kollo’s book on 
Diabet(‘s, which was published in 1T97. He ex’tractcd from dia¬ 
betic urine about one-twelfth»of its weight of a sweet tasteU ex- 
tract like honey. * . « 

In 181.>, Chevireult analyzed dijibetic urine, and extracted 
from it the sugar in a staU' of purity. lie fountl that the shape 
of the small crystals which it formed (small spherules) wa^ pre¬ 
cisely the same as that of grape sugar, it ])ossessed all the 
(jualitics of that sugar, has the same solubility in water and alco- 
liol, and like grape sugar melts when exposed to a ge*ntle heat. 
From these facts, Chevrcul conclwled that diabetic sngar*w'as 
precisely the same with that of grajics. Cru\Jishanl» Imd already 
compared it to lioiiay; and we now knoni that sugar of lioney is 
identical with that of grapes. M. Calloud J found diabetic and - 
grape sugar to agree also in another property, namely, that of 
combining with common salt and forming crystals w hich hai e the 
form of dodecahedrons composed of two six«sided pyramids 
applied base to base, or sometimes of rhomboids. According to ^ 
(’a] loud these crystals are compt>sed of, 

Commoii salt, . 8.3 

Sugar, . ^ . 91*7 • 

’ 100 * 

This differs essentially from Brunner’s analysis, which I have 
given in the Chemistry of Vegetables, p. 638. Calloud’s analy¬ 
sis would indicate four atoms of sugar to one of common sal^ while 
Brunner’s make the compound to consist of an atom of each con¬ 
stituent But when he combined common salt directly with 

• Opera, p. 271. . t An»- Clui«. xcv. 319. 

t Jour, de Pharinacio, xi, 562. 
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sugar of grapes, lie obtSined^ a compound exactly coinciding 
with Brunner’s, since it consisted of, * 

( < Common salt, . 28 

• Sugar, . 75 


. 100 . 

r 

In some rare cases of diabetes, tlie quantity, of common jalt in 
the urinec is so^ great, that, by evaporating it by a gentle heat, 
crystals are deposih^ consisting of common salt combined with 
diabetes sugar. , 

Sugar of diabetes was first analyzed by Dr Proui* He found 
it composed of 

Carbon, 36* to 40* 
llydr^^gen, 7*11 to 6*66 
' Oxygen, 56*89 to 53*34<> 


. 100*00 100*00 
But these diflerences are too great*to enable us to deduce the 
constitution of diabetes sugar from the analysis. Peligotf ana¬ 
lyzed diabetes sugar with great care in 1838, and found its con¬ 
stituents to be 


* o Carbon, 

35*88 


Hy.'irogen, 

7*44 


Oxygen, 

56*68 



lOO-OO 


This-gives the^ formula. 



12 atoms carbon, . = 

9*00 or per cent 36*36 

14 atoms hydrogen, =s 

1*75 

7-07 

14 atoms oxygen, = 

14*00 

56-57 

« 

24.75 

100.00 


Tbis is obviously the same constitution which sugar of grapes 
has. By heat diabetes sugar may be deprived of two atoms of 
.water, and thus it becomes, 

t 

• Phil. Trana. 1827, p. 373. f Ann. de Cbira. et de. Pliys. Ixvii. 142. 

6 
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« 


12 atoms carbon, . 

• 

— 9*0 ^>r per cent 

4(t* 

12 atoms hydrogen”, 

^ 1*5 

6*66 

12 atoms oxygen, 

• 

= 12* ... • 

• 

58*34 

# 

22*5 

100.00 


1 found that^.by combining it witl^ ^rtain base% it might Ik* • 
dcprKrcd of anothor a^om o£ water, and thus reduced to 
12 atoms carboV> s= 9* or per cent 42 JI 
11 atoms hydrogen, =* 1*375 6*43 

] 1 ato^s oxygen, =11* ...* 51*46 

• — —■■■, ■■■ — ■ ■ 

• ?1*375 100 * • 

Thms it is identical with gr^e sugar in its constitution. ‘Hence 
the reason why diabetic urine is so ^pt to ferment and evolve 
;dcohol. • • 


SECTION IV.-^OF SUGAR OF MILK. 

Sugar of milk may be extracted from whey in the following 
manner : Evaporate the whey to the consistence of a*syrup, and 
set it aside for some w’eeks in a c®ol place. Granular cl^stals 
ctf sugar of milk will be deposited. To objjain it 4 >iire we must 
redissolvc it in water, and crystallize it a second time. And this 
process must be repeated two or three times. 

Fabricius Bartholetti, an Italian^ was the first European wht> 
mentioned this sugar. He described it in his Encydopcedia 
Hemietica-Dogmatica, published at Boulognadn 1619 but it 
seems, from what Haller says, to have been known in India long^ 
before that time. It is manufactured in large quantities in 
Switzerland, from which country all the sugar of milk of com- 
merce comes. The person who chiefly contribuhAi to make su- ^ 
gar of milk generally known, w*as Ludovico T&ti, who gave it 
out as an invention of his own, and ^Id it as a powerful remedy 
in the gout and other diseases. He was a physician in Venice, 
where he died in 1707. After his death Valisneri publishetl 
the process which Testi employed in extracting his sugai^from 
whey. 

Sugar* of milk is w’hite, and crystallizes in right four-sided 
prisms, usually terminated by four-sided pyramids. It has a 

• According to Beckman, ho called it manna, «cm nitrum seri lactis. His¬ 
tory of Inventions, ii. 494. 
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taste only slightly sweetish, specific gravity at the tempera¬ 
ture of 55® is 1*543. At 59"* it^is soluble in 5 times its weight 
of v^ater, and 2^ times its weight of boiling water. When the 
crystals are melted they lose 12 percent of water. When thus 
fused the sugar is transparent and cblourlcss. On cooling it 
* concretes intq a white opaque ‘mass. It dissolves but slowly in 
water. But the solution* may be evaporated mucli beyond the 
crystallizipg poent without any crystah»*'fbrmmg. It is scarcely 
soluble in absolute (alcohol; but its solubility is increased when 
the alcohol is diluted with water. In ether, it is insoluble. 
When long boiled in dilute sulphuric acid it is converted into 
sugar of grapes. ' Nitric acid converts it into oxalhydric, oxalic, 
and mucic acids. When in powder it absorbs muriatic acid gas 
in great quantity, and assumes the form of a grey coherent mass. 
It absorbs also ammoniacal gas, and when completely satimated 
thfi weiglit augments from 100 to 112.4 or the compound of su¬ 
gar of^milk and ammonia is composed of, 

* * Sugar of*milk, . *100* or 17.137 

Ammonia, . 12*4 or 2*125 

Caustic‘potash converts it into a brown, bitter tasted substance, 
which is insoluble in alcohol. * 

When digested wjth oxide of lead at a temperature not ex¬ 
ceeding 122% a combination takes place. Tke liquid is a solu¬ 
tion of oxide of lead holding in suspension an insoluble com¬ 
pound, which may be obtained by filtering in a covered vessel to 
exclude the carbonic acid of the atmosphere. It is mucous, and 
when dried becomes gray and translucent. At 212® it loses 
water and becomes yellow. It is composed of. 

Sugar of milk, . 36*47 or 8.018 

Oxide of lead, . 63*53 or 14* 

* ’ 100*00 

The filtered liquid contains a soluble compound of sugar of 
milk, and oxide of lead. Its taste is at once sweet, alkaline, and 
styptic. When evaporated in vacuo it leaves a yellow transpa¬ 
rent 1 Siul| 2 ?tance resembling gum, which is soluble in water. It is 
composed of. 

Sugar of milk, . 81*88 or 63*117 = 8.018* + 8 

Oxide of lead, ’ . 18*12 or 14* 


100.00 
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. If we add ammonia the soluble compound, the insoluble 
compound, noticed above, falls down. If we digest it for a long 
time with an excess of oxide of lead we obtain a subsS.lt compos¬ 
ed of, * 

Sugar of milk, ,12*55 or 8** 

Oxide of lead,, 87*d^ or 55*74 =s 14 x 4 

• . _L 

100.00 

• * ^ • 

SVigar of milk was first subjected to an uttiraate analysis by 

Gay-Lussac and Thenard.* Berzelius analyzed it in 1815,t 


Prout in 1827,J Liebi^in 1834,§ and Brunner in 1835.|| The 
following tiible exhibits the result of these analyses; 


* ^*L,^®***®, Berzelius. • Prout. 

and 1 henard. , 

Carbon, 38-823 39474 40.00 * 

Hydrogen, 7-.‘)41 * 7 167 6-60 

Oxygen, 3.‘l-a34 33-a39 53-33 

Liebig. 

39 51 
6-74 
53.75 

Brunner. 

4b-4.37 
6-711 • 
.52-852 

• 

Mean. 

39-649 

*6-926 

53.425 

100-000 100-000 , 100-00 

100 00 

lOO-UOO 

*100-000 

These experiments exhibit the constitution of sugar of milk in 

crystals. They lead to the formula. 


• 


12 atoms carbon = 9 • or 

per cent 40 

• 

12 atoms hydrogen = 1 *5 

• • • 

6*66 

• • 


12 atoms ojygen = 12*0 

• • • 

• 

• 53*33 


22*5 


100*00 



But, according to Berzelius, 100*parts of crystals of sugar of 
milk when dried at 212®, or M'hen combined wj^h oxide of lead, 
lose 12 of water. Hence 22*5 would lose 2*7 of water or 2^ 
atoms. Let us suppose the loss to be only 2.25 or two atoms * 
water, then it would follow that anhydrous sugar of milk is coni- 
}>oscd of, * 

12 atoms carbon, = 9 or per cent •14*44 

10 atoms hydrogeu, = 1*25 ... 6*18 

10 atoms oxygen, = 10* ...49*38 


20*25 100*00 • 

This is precisely the constitution of anhydrous cane sugar. Yet 
the properties of the two differ exceedingly from each other. 

• 

* Recherches Physicu-Chimiques, ii. 293. 

t Annals of Philosophy, v. 26(i. | Phil. Trans. 1827, p. 383. 

§ Aimalen dcr Pharmucie, ix. 24. || PoggendorPs Annaleii, xxxiv. 333. 
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It is a generally received c|)inion that sugar of milk is incar 
pablc of fermenting, or of being decomposed into carbonic acid 
and alcobbl. *' But tbe well-known fact, that tbe Tartars and tbe 
inhabitants of tbe Shetland Islands nuike an intoxicating liquor 
•by fermenting mdk, is inconastent with this opinion, and proves 
that sugar of milk wheif'properly treated may be made to fer¬ 
ment as well as common and graptf suf^ar. Doubtless, like com¬ 
mon sugar, it is first converted into ‘^sugar of grapes before it 
* ejan be capable of fermenting or of being decomposed into •Alco¬ 
hol and carbonic acid. 


CHAPTER III. 

i !• 

„ O^’ OILY OXIDES, SAPONIFIABLE. 

The terms fat, tallow, suet, lards &e*. are applied to a secre¬ 
tion'of an oily nature, usually solid in the hot-blooded, and 
fiuid in cold-blooded animals. This substance is deposited in 
the cellular substance. The quantity formed depends in some 
measure iqiop the food; and when the food becomes deficient, 
or the power of dige^mn imperfect, the fat disappears. It is 
deposited in the cellular tissue of all animals, but the fat of only 
a small number of species has hitherto been examined by che¬ 
mists. Of these the following are the most important:— 

• * 1 » 

1. HOGS LARD. 

^ Tliis is the fat of the Sus scrofa, or common hog. It is dejx>- 
sited to a considerable thickness immediately under the skin 
of the domestic animal. It is white, and has very little smell; 
but when we melt it in contact of boiling-water, the smell becomes 
strong and disagreeable. It melts completely at 99% and then has 
the kppearance of a transparent and nearly colourless fixed oil. 
A thermometer placed in it sinks gradually to SO'*, The lard 
then begins to congeal, and the thermometer remains at 80° all 
the time of congealing, which occupies several minutes. It is 
clear from this that 80° is the melting point of tibg's lard, 
its specific gravity at 102° is 0*9028 ; at 60° it is 0*9302. 

When liog’n lard is left exposed to the air, it becomes gra¬ 
dually yellow-coloured and rancid, acquires a strong smell, and 
reddens vegetable blues. A volatile fatty acid is dcvcltqied, the 



ox FAT. 


135 


* * • 

. nature of which has not ^et beqp examined, but Chevreul consi¬ 
ders it as analogous to ca/^ro/c^q^d. 

Hog’s lard, like all the other varieties of fat, ha^ been shown 
by Chevreul to consist of two distinct oily bodies; the one solid 
at the ordinary temperature of the atmosjihore, and the other 
(juid at the s^iue teinpefature. T^d*first on that account ha^ 
been' called stearin ; the second elmit. Braconnot showed that 
if hog’s lard be suhjectJfl to pressure bctw'cen ft>lds of blotting- 
piiycr, the elain is absorbed by !he paper while the stearin ^r8- 
niains. According to his experiments, hog’s l5rd is com|K)sed of 

•Elain, . 62 

• Stearin, ! 38 * 

• • 

. , 100 

The ehiin llasfa sjjecific gravity of 0*915. 100 parjs of abso¬ 
lute alcohol dissolve 123 parts of it. • • 

The stearin is without smell, translucent, dry, and granular. 
It melts when heated to 109-^®. On concealing, it assuQies an 
imperfectly cryshillized texture. 

It has been shown that stearin is a compound analogous to a salt, 
consisting of stearic acid combinetl with glycerin. In like man¬ 
ner, elain is a compound of oleic acid and g]yc6riil. If we di¬ 
gest lard with catistic potash Icy, the ticids gradually combine 
with the potash, and constitute with it a soap while the glycerin 
is disengaged. In this way it has been ascertained that ])ure 
lard is com()osed of 

Stearic and oleic acids, 94*65 • 

Glycerin, . 9 • 

When hog’s lard is digested with nitric acid it is converted 
into oleic and inargaric acids.* 

• • 

2. ox FAT. 

The fat of oxen has a yellowish-white colour, and a slig|;it but 
peculiar smell. It melts when heated to 100®, Boiling alcohol 
of 0*821 specific gravity dissolves about the fortieth part of its 
weight of this fat. • 

Ijike Jiog’s lard it is a mixtimc of stearin and elain. But, as it 
is much firmer and harder than lard, we might infer that the 
proportion of stearin which it contains is much greater than in 

* Btissy and Lurumi, Juiir. de Phariu. xii. OUj. 
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lard* And this is the case. Tfap steariji constitutes about thre e> 
fourths of ox tallow. It is no)j^ separated on a great scale to be 
manrofactured into candles. The method employed is to melt 
the tallow, and to* stir it incessantly while in the act of congeal¬ 
ing. It is then exposed to pressure in woollen cloths at the 
^temperature of 95®. The’eJain forced oi^. still retains a consi¬ 
derable quantity of stearin'. This eluin .is cooled down a few de¬ 
grees below 95®, and subjected to pressure again, by which an 
additional portion of stearin is obtained. And this process ia«*e- 
peated sinking the temj)craturc every time, till at last it is re¬ 
duced as low as 36°. At last an elain is obtained, which is quite 
liquid, and which does not become solid though cooled down se¬ 
veral degrees below 32®. 

The stearin thus obtained is white, granular, and crystalline. 
It melts at 111°, and may be cooled do^ni to U)2® before it be- 
gin4 to congeal; but then the temperature rises to 111 ®, and con¬ 
tinues so till the whole stearin is congealed. This stearin has 
about the same translucency as white wax. Its feel is not greasy, 
and it burns with a light similar to that of wax ; 100 parts of 
absolute alcohol at the boiling temperature dissolve 15 *48 partvS of it. 

The elain from ox fat is colourless, and almost without smell. 
Its specific gravity is 0*913. 100 parts of absolute alcohol dis¬ 

solve 123*4 of it at the temperature of 167®. 

Candles made of the stearin of ox tallow are little inferior to 
wax candles. The stearin beeng brittle and apt to crystallize, it 
has been found necessary to mix it with a little wliite wax, in 
order to deprive it of these qualities. 

• There is an oil obtained from the feet of oxen, and therefore 
known in this country by the name of Neat’s Foot Oil, wliich de¬ 
serves to be noticed. It remains liquid though cooled down to 
below 32°, and tl^erefore is used r*cry much to oil machinery, in 
order to diminish friction. 

To (Obtain it the hair and hoofs are removed, and the inferior 
part of the bone of the foot being rasped down is boiled in water 
together with the surrounding parts. The oil swims on the sur¬ 
face of the water. It is nearly colourles^^ and may be kept a con- 
dderable time without alteration; but at last it deposites some 
solid matter having the aspect of stearin. 

3. MUTTON BUST. * 

This is the name by which the fat of the sheep (Ovis aries) 
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is known in this country. It^bcsembles ox fat» hut is whiter. 
When fresh it has hardly any dmell. Some varieties of it melt 
at 100“ ; others not till 104®, or even 106®. It dissolves in 44 
times its weight of boiling alcohol of 0*821 sjiecific gravity. 

Its stearin is white aijd withi^nt lustre. It begins to solidlfr, 
at 99^°, and ^he temperature then wses to 111®. *On congealing 
it crystallizes impferfect|y. * It is translucent One hundred parts 
of boiling absolute alcoHbl dissolye 16*09 of it I'he dlain of 
top suet is colourless, has a slight odour of tnujton, and a specific 
gravity of 0*9i 3. One hundred parts of absolute alcohol dis¬ 
solve 80 parts of it at* the temperature of 161®. , 

4., GOAT FAT. 

This fat resembles that of the ox, but it has a peculiar apd dis¬ 
agreeable smell,‘’similar to that of the animal. It is tAving tj the 
presence of a peculiar oily matter to which Chevreul has given 
the name of and which has been ve^’ imperfectly cxaniin- 

ed. It exists also in small quantity in mutton suet. It illiquid, 
and is found in the elain when goat fat is separated into claln 
and stearin. Tliough litrcin h^ not yet been obtah'>ed se¬ 
parate from elain, Chevreiil succeeded in obtaining hircic acid, 
which is presumed to be one of the Constituents of hircin. 
lie obtained it in the following way; Four pai'ts of goat fat 
w ere saponified by digestion in one part of hydrate of potash 
dissolved in four ])arts of water.' The soap is decomposed by 
phosphoric or tartaric acid. The fatty acids are separated and 
w’ashed, and the w^ashings mixed witli the acid residue of the 
decomposed soap. This liquid is distilled.* The liquor thal 
passes over contains the hircic acid. Saturate it with carbo¬ 
nate of bfirytes and evaporate to dryness, and depomposc by dis¬ 
tilling it with equal weights of sulphuric acicL and water. The* 
hircic acid will be found swimmings on the water in the receiver 
under tlie form of a colourless volatile oil. 

5. HUMAN FAT. 

This fat is softer than either ox fat or mutton suet *It has a 
yellow colour, and its melting point seems to vary. Chevreul 
found fat from the kidney, when melted at 104®, begin to con¬ 
geal at 77®. At 75^® it was semifluid, and at 62^® it w’as con* 

* If the matter in the recipient leaves any stain on platinum foil when cva> 
porated< it must be distilled again. * 
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gealed into a> moss in which might be (listinguishcd a white so¬ 
lid matter and a yellow oil. Another specimen from the tliigh 
confinued quite fluid at 59^. When kept for some days at that 
temperature in a close flask it deported a solid matter; hut af- 
^tcr an interval of a’fortnight i^ was still partly liquid, a yellow 
oil floating on*the solid poVHon. These variations in tlie congeal¬ 
ing point depend upon a variation in^the^proportion of the sfcariii 
and elain ill this'fat. __ ^ 

Human fat is ^oltfble in 40 times its weight of hot alcohol* of 
0*821. On cooling the liquid deposites stearin, which, after be- 
ing £^gain dissolved in hot alcohol and deposited, and exposed to 
pressure between the folds of blotting-paper, possesses the follow¬ 
ing properties: It is colourless, hag little lustre, and melts at 
122®.^ It may'be cooled down to 106° before it begins to con¬ 
geal, but the instant congelation begins the hdat rises to 120°. 
The stearin ery^iallizes in a mass composed of small needles. 
One hilndred parts of boiling absolute alcohol dissolve 21*5 of 
this stearin. But the greatest part precipitates when the solu¬ 
tion cools. . The elain is a colourless oil which remains liquid 
thought cooled down to 25®, but congeals into needles at a few 
degrees below that temperature. Its specific gravity at 59° is 
0*913. It has nc stnell but a sweetish taste. One hundrcKl 
parts of boiling alcohol dissolve 123 of tliis efain, and the solu¬ 
tion becomes muddy when cooled down to 170^°. 

One himdred parts of hunftin fat when saponified yield, 
Margaric and oleic acids, 95*24 to 96*18 
Glycenn, , . 9*66 to 10 

The mixture of margaric and oleic acids melt between 88® and 
95®. The stearin gives 8*6 of glycerin with 94*9 of fatty acids, 
in which there js no stearic acid, and which melt at 124°. The 
•elain gives 9*8 of glycerin and 95 of fatty acids fusible at be¬ 
tween 93® and 95°. • 

Fomreroy described under the name of adipwArin, a fat obtain¬ 
ed from dead bodies which had been long piled up together, and 
whichihe considered a combination of a peculiar fatty matter with 
ammonid. Chevreul has shown that it is merely human fat sa¬ 
ponified (doubtless by ammonia); and of course a conibination 
of margaric and oleic, acids with ammonia. 


6. OOOSE FAT. 

It is colourless, and has a iieculiar taste and smell, rather agree- 



DUCK FAT.—TURKEY FAT.—TFHALE OIL, 139 

• • • • 

able. If melted it congeals atf 80^° into a granular mass, hav¬ 
ing the consistence of butter.* When exposedjtoj)ressure be¬ 
tween folds of blotting-paper at it is resolved, accor^tig to 
Braconnot, into, , 

Stearin,. . 32 fiMible at*lll® 

• ElaiiL . 68 • * * 

• • _ • 

\ • 

IQO • , 

l^e elain is yellowish M'hite, and has a peculiar taste. One hun¬ 
dred parts of*boiling absolute alcohol dissolve 36 parts of the * 
stearin. When saponified it yields, • ^ 

Margaric and^ oleic acids, . 94*4 

• Glycerin, •. . .8*2 

The siHJcific gravity of the elain is*0*929. One hundr<jd parts 
of absolute alcohol at 167® dissolve 123^® of it It begins to 
precipitate when cooled down to 124®. Whefi saponified it gives 
89 per cent of fatty acid& 

7. DUCK FAT. • 

It melts at 77®. Braconnot ^psolved it into 

Stearin, . 28 fusible at 1^6^® 

Elfyii, . 72 ^ ^ 

100 

The elain has the peculiar taste and smell which characterizes 
duck fat 


8. TURKEY FAT. 

It was resolved by Braconnot into, 

Stearin, . ^ 26 fusible at fl3® 

Elain, . . 74 

100 

9. WHALE OIL. 

This well known oil is obtained by boiling the blubber of the 
Balena misticetus or great northern whale. Its colour is brown, 
and it has a disagreeable fishy smell. Its specific gravity is 0*927. 
It boils at about 620®. When (hstilled over we obtain a much 
more fluid brown oil which boils at 410®. 
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When cooled it deposites stedEiii, wlvch may be separated by 
the filter. When boiled in alcohol it becomes deeper coloured, 
and the elain is separated. One hundred parts of absolute alco¬ 
hol dissolve at a boiling temperature 55^ of stearin. When the 
^utionis cooled it deposites first white brilliant crystals, and then 
yellowish coloilred crystals, and there remains a thick brown li¬ 
quor, which has not been examined. * When this stearin is sapo¬ 
nified we oblain glycerin, some phocenic acid, and 38*9 per cent 
of fatty acids. * 

The elain is not decomposed by alcohol. One^hundrcd parts 
of boiling absolute alcohol dissolve 122 parts of it When treat¬ 
ed withhalf its weight of hydrate of potash it'is easily saponified; 
glycerin being evolved together with a little phocenic acid asid 
margaric and olbic acids. The oleic heid has a fishy smell, which 
it commuincates to its salts. * 

I 

10. -OIL OF TUE DELPIIINUS PIIOCENA OR PORPOISE. 

This* oil is liquid, and has a yellow colour. It has at first a 
fishy smell, «which goes away when the oil is exposed to the sun 
and ai^. Its specific gravity is 0*937. When exposed tx) the 
air it acquires at first a brown colour, which gradually disappears. 
It then acquires the* sihell of oil of colza, and reddens vegetable 
blues. 100 parts of boiling alcohol of 0*821 dissolve 20 jiarts 
of the oil; but the solution becomes muddy on cooling. But 
when we boil together equal pkrts of the oil and alcohol, no pre¬ 
cipitate appears, and we may add more oil almost in any propor¬ 
tion. 

* When saponified this oil yields, 

Margaric and oleic acids, . 82*2 

Glycerin, . . 16 

‘rogether with a certain quantity of phocenic acid. 

c 11.-OIL OF DELPHINUS GLOBICEPS. 

Tills oil is fluid, and has a light lemon-yellow colour, and a 
fishy smell. Its specific gravity is 0*918. 100 parts of absolute 
alcohol 68® dissolve 123 parts of it. When cooled slowly to 
the point of congelation, or a little below it, tliis oil depoates a 
cetm, similar to that from the Physeter macrocephalus, but not 
quite identical with it t 

When melted, this cetin begins to congeal at 114**, and it is 
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totally solidified at 110**. 100 parts of boiling alcobol of the spe> 
cific gravity 0*834 dissolve 2*8 parts of it. It is not so easily 
saponified as the cetin of the macrocephalus, fiiriiislles less othal, 
and a ‘greater quantity of fatty acids. The Mhal from this oil 
melts at 116^®, while thal from the macrocephalus melts at 118^®. 

The oil frojn which tbis cetin hi^'heen deposited is perfectly* 
liquitl at 68®, and* at 59“ resembles bbtter. Its specific gravity 
is ()*924; 100 parts of >i1cohol of 0*820 dissolte 140.4 parts of 
it^fore beginning to boil. By*saponification, 100 parts of Jhis 
oil give 66 paints of margaric and oleic acids, along with which 
are 14*3 of a fat not saponifiable, and similar to ethal, only more 
fusible, and in fact Composed of two fats, of which one melts at 
80^®, and the other at 95“^ They may be separated tfom the 
fatty acids by the same means as tfipse employed to isolate the 
ethal. The saponification produces also 15 parts of gljrcerin, 
and a considerable quantity of phocenic acid. • 

12. —FAT OF coccus CACTI OR COrtllNEAL INSECT, 

In the year 1818, MM. Pelletier and Caventou made a set of 
experiments on the fat of this insect* It was extracted bj them 
by means of ether, which forms •w’itli it a yellow solution; the 
ether being evaporated away, the fat remain^ Cif obtain from 
it a colourless stearin, we must dissolte it repeatedly in water, 
and crystallize it The crystals are white pearly plates. This 
stearin melts at l()4“, and is but« little soluble in cold alcohol. 
When we distil off the alcohol, a little solid fat separates, and 
there remains an elain, which continues liquid at 32®, and which 
is coloured yellowish-red by the colouring matter of the coch^ 
neal insect It still retains a small quantity of stearin in solu¬ 
tion. This elain is easily saponified. It gives fatty acids, and a 
volatile odorous*acid. The Cocqus polonicm contains more fat than* 
. the Coccus cacti. Two specimens of it, the one moist and the 
other dry, were examined by Berzelius, wdio found thg acids 
which they yielded similar to those in butter.t 

All these fatty or oily substances from animals, and many 
others which have not hitherto been examined, are divisil^e into 
two distinct substances, the one solid and called stearin, the other 
liquid at the common temperature of the atmosphere, and called 

* Ann. dc Chim. et de P^ys. viii. 270. 
t Tnutc de Chimic, vii. 551. 
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elain. Some, fatty Iwtlies yield fils having different properties 
from elain. Those that have^boen examined by Chevreul arc 
Phoeenin, BtityHn, and Hircin. The mode of obtaining these 
bodies and their pfoperties have been already described in the 
Chemistry of Inorgamc Bodies, (Vol, ii. 35.) 

^ Chevreul analyzed the stfarm and elain from different fatty 
bodies, as human fat, hog’s lard, mutton suet, &c. He found 
them all compomids of carbon, hydroge:ij, and oxygen. But the 
proportions were not'the same in all. Whether this difference 
was owing to any diversity in the various stearins and elains, or 
to the presence of foreign bodies in greate” or smaller quantity, 
we haVe no means of determining. 

It hais been ascertained that stearin is a compound of stearic 
or margaric acid and glycerin, which performs the part of a base. 
Stearic acid lias been sliown by the analytical researches of Messrs 
Redtcnbacher, Varrentrapp, and Bromeis* to be O® II®® CP 
cr 64-25. 

Jn its common state it is a hydrate composed of C®® II®® CY’ 
+ 2 (HO> 

Stearates of silver and lead arc composed as follows: 

Stearate of silver, . C®® II®® Q’ -f 2 (Ag O) 

Stearate of lead, . C®® 11®® (P -f 2 (Pb O) 

The two atoms of the oxides of silver and lead taking the place 
of the two atoms of water in the hydrated acid. 

Dr Rcdtenbacher also foni^sd stearic ether, or, as it is now 
called, stearate of oxide of ethyle, by dissolving stearic acid in 
alcohol and passing a current of muriatic gas through the solu* 
t’on till it refused to absorb more. Its composition was 
1 atom stearic acid, . C®® H'* CP =. 64*25. 

1 atom ether, . C* H’ O = 4-625. 

1 atom water, . , H O sr 1-125. 



Margaric acid was obtained by M. Redtenlmchcr and M. Var¬ 
rentrapp by distilling stearic acid. Its constitution is 11^’* 
CP 32-625. 

Hydrated margaric acid is H®® CP + HO = 33-75. 
Margarate of silver is O’* H®® O® -f Ag O. The atom of oxide 
of silver taking the place of the atom of water in the hydrate. 

* Annalen der Pliarmacio, xxxv. 46, 65, and 86. 
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These two acids have an obvipus relation to each other. We 
may consider them as consdsting gf a common radical, 
united to oxygen. * * ® 

• Margaric acid will bo . C?* H®* -f- O 

Stearic acid, *. . ^ 2 (C^ JP) + 0® , 

The marga|ic acid is a compound ’of dne integrant particle of' 
the radical united*to % atoms oxygen*while the stearic add con¬ 
tains two integrant parities of the radical imitbd to* five atoms 
oxygen. * • 

Stearic acid«was discovered by Chevreul in 1816, and called 
at first margarous acid; but he afterwards adopted the term stea¬ 
ric acid, * as more proper. To obtain it we must saponify* mut¬ 
ton ox’s fat, or hog’s l^d. The soap must be dissbWed in 
a weak solution of caustic potash, ^he solution is to be mixed 
with a quantity* of water forty-five times as great /is that of 
the tallow saponified. The mixture being Icfi^at rest in a (fem- 
perature between 50° and 60°, there gradiuilly falls* to the 
bottom a pearly looking silbstance, which Is a mixture of J[)ist^- 
rate, bimargaratc, and superoleate of potash. This substance 
is allowed to dry. It is then washed three times successively in 
eight times its weight of boiling Alcohol of 0*820. The lirst of 
these, on cooling, deposites a great quantity^of «ry%tals conast- 
ing chiefly of bisliearate of potash. It is rendered quite pure by 
repeated solutions in alcohol, and crystallizations. It is then 
decomposed by tartaric or muriatic a^^id. 

Thus prepared, stearic acid melts when heated to 158°. Red- 
timbacher found the melting point of the stcSlric acid vhieh he 
prepared 160°. On cooling, it crystallizes in fine brilliant 
needles, interlaced with each other. It is tasteless, destitute of 
smell, and insoluble in water. Wliile in a liquid state, it com¬ 
bines witli alcohol in all propprtions. If at the*temperature of* 
. 167°, we mix equal weights of stearic acid and alcohol, we ob¬ 
tain a solution which, when cooled down to 122°, crystallizes in 
brilliant plates. At 113° the whole congeals into a solid mass. 

Ether of 0*725 density dissolves its own weight of stearic acid 
when assisted by heat The solution is limpid at 140°. At 
1344'* it concretes into a mass formed of beautiful plates. This 
acid re^ly combines witli the alkalies, and fonns a soap. One 

# From c-T«{, tallow. 
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atom of steairic acid usually combines with two atoms oi base. 
Thus pure stearate of soda is composed of, 

1 atom stearic acid, . = 64 25 

2 atofhs soda, . . — 8* 

2 atoms water, . . * = 2.25 

' , -r 

^ 74*5 

stearin-were*^ composed of stearic acid and glycerin alone, its 
constitution would be, according to the analysis of L/iebig jpid 
Pelouse, * modified by the subsequent investigatijt)ns of Redten- 
bacher and Verrentrapp, f * 

^ atoms stearic acid, Cy® = 128*5 

1 dtom glycerin, . . C® O® = 10*375^ 

2 atoms water, ... • IP CP = 2*25 

ff 

= 141*125 

But it is probable that margaric acid, and also oleic acid, ike, are 
ve^ common ingredients in most varieties of stearin. 

Margaric acid was first described by Chcvreul in 1813, under 
the name of margarin. In 1816 he gave it the name of marga- 
ric aad. But it was not till i820 that he was able to distin¬ 
guish with pPeftsiop margaric acid from stearic acid. The mode 
of obtaining margaric acid employeil by Chevreul has been de¬ 
tailed in tlie Chemistry of Inorgaric Bodies, (Vol. ii. p. 125.) 

Dr Redtenbacher first ascertained that, when pure stearic acid 
Is distilled over into a receiver, it is converted into margaric acid. 
So that the stearid* acid from the ox by distillation becomes the 
i^cid of human fat. Besides margaric acid there was formed mar- 
garon,and a light oily substance wliich Redtenbacher called (from 
its composition) polymo-carburetted hydrogen. 

• Varrentrapp" found that when px’s tallow, mutton suet, hog’s 
lard, or olive oil were subjected to distillation, the soli<l j>roducts 
obtained possessed the characters of margaric acid. They were 
freed from the liquid products of the distillation by pressure, and 
afterwards purified by repeate/1 solutions in alcohol and crystal- 
lizations,.<and finally they were saponified by soda, and precipi¬ 
tated by means of muriatic acid. The distilled product contain¬ 
ed also margaron and an oily carbohydrogen. 

• Ann. de Chim. et de Phys. Ixiii. 148. 

•f Annalen der Pharai. xxxv. 46. 
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* • • 

. M. Bromeis found tha| whentiitric acid is digested on stearic 

acid, a violent action takes place, vrliich becomes ^adually more 
moderate, and at last nearly ceases. The stearic acid after*this 
action becomes clear and^ liquid, and forms a tallowy, solid mat¬ 
ter, which melts at 95® or 113®, according to the duration of the 
process. Thi% tallowy matter is mai^aric acid, imixed with a 
product proceeding froiy tfte oleic acid present, which is easily 
saponified by potash. If then assumes a blood-rcd oolour, ig;id 
retains that colour after separation by an*acj{i. The tallowy 
mass separated from this body was freed from nitric acid by boil¬ 
ing it in water. It was 1 ;hen dissolved in hot alpohol, and allowed 
to cool. The margilric acid was deposited in crystals. It was 
purified by rejieated solutions in alcohol, by saponification and. 
precipitation by an acid. • • • 

Margaric acid* resembles stearic acid very closely ; but it 
melts at 140®, according to Chevreul, or 14i®, according*to 
Bromeis; w'hile stearic acid requires for fusion the temperature 
of 158° or 160®. ’ • 

The constitution of this acid, and its analogy to stparic acid, 
liave lieen already pointed out. The common base is 
Margaric acid is JI^ + = 32*625 

Stearic acid, . 2 II^) -f. n: 64*25 

Margaric acid, in its hydrous state;' contain^ only 1 atom 
water, while stearic contains 2 . Hence the former combines 
with only 1 atom of base, while thedatter combines w'ith 2 . We 
might also represent the constitution of these acids thus : 

Margaric acid, = ^12*625 

Stearic acid, 4 - 0*4 = 32*125 

According to that view of their constitution, both, in the hy¬ 
drous state would contain 1 atom of water, an^ both would 
combine with 1 atom of base. • • 


CHAPTER IV. 

OF OILY OXIDES NOT SAPONIFIABLE. 

The oily bodies from the animal kingdom not capable of 
being converted into soap* are not numerous, and have been but 

K 
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imperfectly examined. The mast impprtant of them are Mar^ , 
garoTii Etkal, and Cholesterint of which an account will be given 
in 1 !he followin|g sections. 

GECTION I.—OF MABOARON. 

• « 

This substance was diScevered by M. Bus^ i*i 1833.* He 
obtained it by distilling admixture of fopir paits of margaric acid 
a^d one part of quicklime. A detailed account of it has been 
given in the Cl^emtstry of Vegetable Substances, (p. 120 ,)^' It 
has been examined since with great accuracy by (Messrs Redten- 
bacher and Varrqntrapp. M. Redtenbacher found that it con¬ 
stituted one of the substances formed when stearic acid is sub¬ 
jected to distillation, t Varrentrapp repeated the experiments of 
Bussy, and pifrified the margaron first by digestion in potash, 
and tlien*by repeated solutions in ether and crystallizations.:]; 

5t is a white, pearly, scaly, crystallized substance, melting ac¬ 
cording to Redtenbacher, at 170®.5, according to Varrentrapp 
at 169®, according to*Bussy at 170®. These slight differences pro¬ 
bably are pwing to errors in the thermometers used. 

Mqrgaron was analyzed by Bussy, Redtenbacher, and Varren¬ 
trapp. The result obtained was as follows; 


Carbon, 

« Bussy. 
82^2 

Redtenbacher. 

82*483 

Varrentrapp. 

81*62 

Mean. 

82-108 

Hydrogen, 

13-51 

13*863 

13*80 

13-724 

Oxygen, 

4*27 

• 3*653 

4*58 

4*168 

• « 

100*00 

100*000 

100*00 

100*000 


^These results approach each other very closely. As margaron 
neither combines with acids nor bases ; and as it cannot be dis¬ 
tilled over without decomposition, we cannot ascertain its atomic 
weight. But, iffrom the formulSi for hydrous margaric acid we 
subtract an atom of carbonic acid and an atom of water, the re¬ 
mainder will agree with the preceding analysis of margaron. 
Hydrated margaric acid is . O* 

* . Subtract 1 atom carbonic acid, C O* 

And 1 atom water, . .. HO 


Remain, O 


• Ann. de Cbim. et de Phys. liii. 398. 
t Annalcn der Phann. xvxv. 57. 


\ Ibid. p. 80. 
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• . 

Now 33 atoms carbon^ = 2%*75 giving per cent 82*84 
33 atoms hydrogen, = 4*125 ... ^ 13*81 

1 atom oxygen, =: 1*00 ... * 3*35 * 

[ 29*875 • 100-00 

This accords sufficiently with the mean of the pfeoeding ana¬ 

lyses to render it prohaUe that margaron is formed by abstract¬ 
ing an atom of carbonic acid and f n atom of water from hydrquii^ 
mairgaric acid; and if this be so, then the ccTnstitution of marga¬ 
ron is O = 29*875. 

. • • • 

SECTION n.— OF ETHAL. 

• ** 

This oily-looking substance was discovered by Chevreul in 
1818. He obtained it from*the solid^art of purified sperinaceti, 
to which he gave the name of ceiin. It was saponified and^the 
soap decomposed by tartaric or phosphoric acid.* The fatty mat¬ 
ter which separates is a mixture of ethal wjth margaric and oleic 
acids. These reids arc combined with barytes and the excess of 
barytes removed by boiling water. The whole is now digested 
in cold but very strong alcohol, Y^ich dissolves the ethaWoge- 
ther with some margaratc and olcate of barytes. When the al¬ 
cohol is distilled off and the residue treatedSrith absolute alcohol 
or ether, the ethal only is dissolved, and may be obtained pure 
by distilling off the solvent. 

The properties of ethal, as deterfhined by Chevreul, have been 
already detailed in the Chemistry of Inorganij: Bodies (Vol. ii. 
p. 332.) 

In the Chemistry of Vegetable Bodies, (p. 321,) the subse* 
quent analyris of ethal by Diunas and Peligot has been given. 
They obtained, 

. Carbon, * . 79.2 • 

Hydrogen, •. 14*2 

Oxygen, . 6*6 

100*0 

They conrider its constitution to be, 

• 16 atoms carbon, =r 12 or per cent 79*34 
17 atoms hydrogen, = 2*125 14*05 

1 atom oxygen, =1 ... 6*61 


15*125 


100*00 
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» * * . 
which obviously agrees very Well wjth the analysis. These 

atomic numbers may be resolved into 4 (C* H^) + H O. 

Kow, when ethal is mixed with dry phosphoric addin powder 

and distilled, the acid retains an atom of water and a Volatile 

oily body passes ov^r, composed of, 

Carbon,* . 86 = 16 atoms = 12 or per cent 85*71 

Hydrogen, 14 = 16 atoms == 2- 14*29 

100 14 100*00 

Now the specihc gravity of this liquid was found by them to 
be 7*846. But tlje specific gravity of 

16 volumes carbon, = 6*6666 

16 volumes hydrogen, ss 1*1111 

7*7777 

agreeing well with the specific gravity found. It appears from 
t^ that the volatile oily body tlius obtained from ethal is a com¬ 
pound of sixteen volumes carl)on and sixteen volumes hydrogen 
condensed,into one volume. To this oily body Dumas and Peli- 
got Ijpve given the name of ceime. 

* •'SUfiCTION ni.-OF CETENE. 

This substance has been described in the Chemistry of Vege¬ 
table Bodies, (p. 322), to which the reader is referred. 

There is every reason for Believing that the oily liquid which 
M. Redtenbacher^ obtained along with margaron and margaric 
acid, when he distilled stearic acid, is identical with the cetene of 
^Dumas and Peligot He found It composed of 

Carl>on, . 83*92 

. Hydrogen, . 14*1 

which approachec the result of Dumas and Peligot The dif¬ 
ference was doubtless owing* to the presence of a little margaron, 
from ^ which it was very difficult to free it. 

t SECTION IV.—OF CASTORIN. 

Castor is a well known substance, which is obtained from the 

■ 

beaver. In each of the inguinal regions of that animahthere are 
two bags, a large and a small. The large one contains the true 
castor; the small one a substance which has some resemblance 
to it, out which is in much less estimation. 
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• . 

* Castor has a yellow colour, atid when newly taken from the 
animal it is nearly fluid, but, by (Kposure to the /itmosphere, it 
gradually hardens, becomes darker coloured, apd assumes a 
nous appearance. Its taste is bitter and acrid, and its smell strong 
and aromatic. In water it softens and tinges* the liquid of a pal6 « 
yellow colour.* The solution contaiils^an alkali. 

Castor was exainined by t^ouillon La Grange^* by Bizio,t and 
by Brandes,!: and by various other chemists. Bizio flrst distin-w> 
guilhed a substance which he extracted from it«by the name of 
castorin. It hall been already noticed by Fourcroy, Barneveld, 
and Bohn ; but considered by tbeip as adipocire. It may bp ex¬ 
tracted from castor by the following process: 

Boil castor in six times itspweight of alcohol of the specific gra¬ 
vity 0*85 ; filter and leave file liquid in an open glass til} it is 
reduced to one-half by evaporation ; draw oflf the liquid portion 
from the castorin deposited, and wash this last ^ith cold alcohol, 
which partly removes the byown-coloured Resinous matter. To 
remove this matter completely, digest the castorin with an*aque* 
ous solution of ammonia, potash, or soda; or treat its alcoholic 
solution with animal charcoal. Speh is the process employed by 
Bizio. 

Braude's process is somewhat difierent. boiled castor with 
alcohol, and filtered it hot On cooling, it deposited a little fatty 
matter. The alcoholic solution was then put into a retort, and 
the greatest part of the alcohol disffiilled oif. The liquid portion 
in the retort was now separated from the c^torin deposited. 
This last substance was purified by washing it in cold alcohol. 

Castorin is white, and crystallizes from its solutions in fine four-* 
sided transparent needles collected together in groups. It has 
a slight smell of castor, and a peculiar metallic taste. It does 
not alter vegetable colours. If is light and easily reduced to * 
'powder. When put into boiling w'ater, it melts into an oil, which 
swims on the surface of the liquid, and which, after becoming so¬ 
lid on cooling, remains transparent. When boiled with water 
in a retort, it goes over in small quantities with the liquid, which 
is at first limpid; but after a certain time, deposites flastorin. 
When heated per se in a retort, it melts, boils, and an orange- 

• 

* Jour, de Phys. xlii. t Brugn. Giorii. xvii. 174. 

t Br. Arch. xvi. 281. 
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yellow oil distils over, which, od cooling, constitutes a soft mat¬ 
ter, having a resinous aspect.* * 

Gastorin'is inflammable, and burns without smoke or smell, 
leaving a quantity of charcoal behind ijU It is insoluble in cold 
^ water; boiling wafer dissolves a small, quantity, which in a few 
days is deposited in crystals. It dissolves with difficulty in alco¬ 
hol, but the stronger that liquid thelnore bf it does it dissolve. 

^AJcohol of 0.8^0 dissolves only j J ©th of its weight of castorin at 
the boiling temperature. It is more soluble in ether. The vo¬ 
latile oils while eold do not dissolve it But dll of turpentine 
dissqlves it with the assistance of heat, and becomes muddy on 
cooling. It may be melted with the fat oils. 

Concentrated sulphuric acid dissolves it readily. The solution 
is yellow, and water throws down the castorin of a yellow colour. 

Diluted sulphuric acid dissolves it when assisted by heat. The 
castorin is precipitated when the solution cools, or when the acid 
is satul’ated with ammonia. Cold nitric acid does not dissolve it; 
but this acid dissolves it while boiling hot, and the solution has 
a yellow colour. It becomes muddy on cooling, and the casto¬ 
rin is precipitated by the addition of water. When nitric acid is 
made to act long on castorin, it converts it into castoric add. 

Boiling acetic odd dissolves castorin abundantly; when the 
solution is concentrated by evaporation, the castorin is deposited 
in crystals. The dilute alkaline leys dissolve a little of it when 
assisted by heat, and on coolftig the castorin is deposited unalter¬ 
ed. Concentrated solution of caustic potash dissolves it at a boil¬ 
ing temperature, and when the ley is diluted with water, the cas- 
•torin precipitates unaltered. 

, SECTION V.—OF AMBBEIN. 

The substance called ambergris is found floating on the sea 
near the coasts of India, Africa, and Brazil, usually in small 
piece«», but sometimes in masses of 50 or 100 lbs. weight Va¬ 
rious opinions have been entertained respecting its origin. Some 
affirmed that it was the concrete juice of a tree ;* others thought 
it a bitumen; others altered bees-wax.t But it is now consider- 
‘ ed as pretty well established that it is a concretion formed in the 
stomach or intestines^f the Pkyseter macrocephaliiSi or spermaceti 
whale. This fact was first ascertained by the fishermen of New 


Phil. Tram. 167St, vin. 6118. 


t Sep Pomet on Drugs, ii. 46. 
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England about the year 1720. • They found about.20 lbs. of am¬ 
bergris in the intestines of one these animals.* This account 
was confirmed in 1783 by Dr Schwediawer,t and in* 1791 by Mr 
Champion.^ 

Ambergris, when pure, is a light soft substance which floatsin 
water. Its specific gravity, as determined by Brisson, varies from* 
0*78*to 0*92. Its colour i8 ash-gray,* with brownish-yellow and 
white streaks. It has an agreeable smell, which improves^ by 
keeping. It is insipid to the taste. • 

Ambergris was subjected to a chemical examination by Bouillon 
Lagrange about the beginning of the present century ;§ b^ Bu- 
cholz in 1810. || Pelletier and Oaventou subjected it to a new 
examination in 1820, If and showed that it consisted chfefly of a 
peculiar fatty matter, which they distinguished •by the name of 
ambrein ; and ifl 1832 Pelletier subjected ambrein to«a chemical 
analysis.** • • 

Ambrein may be obtained by digesting ambergris in hot alco¬ 
hol of the specific gravity t)*827. The alcohol, on cooling, *de- 
posltcs the ambrein in very bulky and irregular crystals, which 
still retain a considerable portion of alcohol. This may be got 
rid of^ by subjecting the ambrein to pressure between folds of 
blotting-paper. • * 

Ambrein thus*purified is a white, bl'illiant, and insipid solid. 
It has an agreeable smell, which may be driven off by keeping 
the ambrein a long time in a state of fusion by means of a gentle 
heat; or by repeated solutions in alcohol and crystallizations. 

According to Pelletier and Caventou, it dielts, when heated, 
to 86°, and softens at 77”. When heated on platinum foil,«t 
melts, smokes, and is volatilized, without leaving any residue. It 
is insoluble in water, but dissolves readily in alcohol and ether. 
When distilled per se in a relort, it becomes .brown, but passes 
over into the receiver without havipg suffered any notable altc- « 
ration, leaving in the retort a little charcoal. It dissol^^es also 
in volatile and fixed oils. Nitric acid converts it into a peculiar 
acid, which has been already described in a preceding ch^ter of 
this volume under the name of ambreic acid, • 

* Phil. Trans. 1724, xxxvii. 193, 256. 
f Phil. Trans. 1791, p. 43. 

|j Ann. de China. Ixxiii. 05. 

•• Ann. dt' China, ct de Pliys. li. 187. 


t Ibid. 1783, p. 226. 

9 Ann. de China, xlvii. 68. 
5 Jolir. do Pharna. vi. 49. 
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A 

I 

Ambrein, ^like cholesterin, u incapable of being converted 
into soap, showing clearly that ,it does not possess acid properties. 

Belletier subjected ambrein to an ultimate analysis by means 
of oxide of copper, and obtained, 

, • Carbon, . 83*37 

* Hydrogen, . 13*32 

Oxygfen, . ^ b 3*31 

100*00 

As we do not know any substance with whichi ambrein conio 
bines in definite proportions, we cannot’ determine its atomic 
weight. This puts it out of our power to itote the number of 
atoms wliich enter into its composition. But the smallest num¬ 
ber of atoms which correspond with the preceding analysis is tlie 
following ^ 


* 33 atoms carbon, = 

24*75 

or per cent 83*20 

«32 atoms hydrogen, = 

4. 

13*44 

^ 1 atom oxygen, = 

1* 

3*36 

- 

29*75 

100*00 


This would make the atomic weight 29*75. It is obvious, from 
the quantity of oxj^gin, that the number of atoms cannot be 
fewer than here stated; Hbut, for any thing that ajqicars, they 
may be double or triple that quantity. 

«<■ 

SECTION VI.-OF CHOLE8TERIN. 

This substance ’was noticed by Gren in 1789, as constitut- 
kag the greatest part of a gall-stone which he subjected to a 
chemical analysis.* He gave it the name of a waxy~lookin<f suh^ 
stance, Chevreul afterwards examined its properties more in 
detail, and stat^,that he had discovered it as one of the consti¬ 
tuents of ozA He made its .distinctive characters known in a 
paper jvhich was read to the French Institute in the year 1814. 
The same subject was again taken up by him in his Rec1usrvh.es 
Chimiques mr les Corps Gras^ published in 1823.f In tliat work, 
ChevrcuL assures us, that cholesterin was first obtained by Poul- 
letier de la Salle by treating gall-stones with boiling alcohol. I 
find this statement verified by Macquer, who, in the second edi- 

* Bi'ytt. z. d. Chem. Annalen, iv. 19. f ^ur les Corps Gras, p. 155. 
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tion of his Dictionary of Chenfbtry, published in J778, notices 
cholesterin as a singular substahcg, and gives some of its proper¬ 
ties, and informs us, that it was discovered by the author o^ the 
Frencli translation of the London PharmacojKeia.* This was 
Poulletierde la Salle, in 1834, Couerbe showed that it exists 
also as a constituent^of the hrain ; •though between that in the 
brain and in human gali’Stbiics there*are some differences which 
we shall point out at the end of this section. * • • 

Cholesterin may be obtained in a state df gyeat purity by di¬ 
gesting human gall-stones in boiling alcohol, drawing off the 
clear solution, and lerf^ng it to cool. The ^holesterin is ^depo¬ 
sited in beautiful c^stalline plates. It may be obtained from 
bil« by the following procc^ : 

Evaporate the bile to thc'consistesce of a thick extract; agi¬ 
tate this extract Several times in succession with ethei^ till that 
liquid ccMises to extract any thing from it Mix all these cfhe- 
rial liquids, and draw off the greatest part of the ether by distil¬ 
lation. The residue, on cooling, deposites crystals of cholesterin, 
mixed with some oleic acid. This may be got rid o/ either by 
digesting the impure cholesterin with dilute caustic alkali, jvhich 
dissolves the oleic acid, and leaves the cholesterin pure; or, by 
dissolving the impure crysttils in boiling aUtthol,^is*the solution 
cools, the cholesterin is deposited in crystals, and in a state of 
purity. 

Cholesterin crystallizes in beautiful white plates, having a 
pearly lustre. It has some resemblance to spermaceti, but is 
more beautiful. It has neither taste nor smell.* It is lighter than 
water, and when heated to 278% it melts into a liquid as colour* 
less as water. On cooling, it concretes into a foliated crystalline 
mass, translucent, and ca))ablc of being reduced to powder. But 
the powder attaches itself strcaigly to every bpdy with which it • 
• comes in contact. When distilled ^er se in a retort, (air being * 
excluded,) it mostly passes over unaltered, and is deposited in 
crystalline plates. But if air have free access, the cholesterin 
undergoes decomposition, assumes a brown or yellow coloiy, and 
a considerable quantity of empyreumatic oil is formed, which holds 
a portiop of cholesterin in solution. According to Kuhn,f if we 
heat cholesterin in a glass-tube till a portipn of it sublimes, and 

• 

• Macquer's Diet. i« 501. f Diss. de Cholesterine. Leipsik, 1828. 
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then allow it to cool, the portion not sublimed remains in a 
liquid state, even though cooled ‘down to zero. 

Gholestenn does not act on vegetable blues; does not form a 
soap with potash; with sulphuric acid it strikes an orange-red 
colour.* 

The crystals of cholestterin deposited from alcohol contain 
about 5*15 per cent, of water of crystallization, which may be 
drjven off by heat When heated on platinum foil, it catches 
fire and bums like wax. It is very little soluble in water. Cold 
alcohol dissolves very little; but the stronger the alcohol, the 
more it dissolves. According to ChevrCul, boiling alcohol of 
0*84 dissolves the ninth part of its weight of cholcsterin; while 
boiling alcohol of 0*816 dissolves y.f j. Pyroxylic spirit behjwes 
almost exactly "as alcohol. * But a ’considerable portion of the 
cholesierir. is retained in solution after the spirit cools. Ether, 
at dissolves^'T^^, at 59”, 5 ) 7 , and at a boiling temperature, 
yof its weight of cholesterin. It is very slightly soluble in oil 
of turpentine, but may be united to the fixed oils by fusion. 

It does not dissolve in sulphuric acid, but gives the liquid a 
yelloijr colour. It then becomes viscid, and swims on the sur¬ 
face of the acid in the form of a pitchy mass, while at the same 
lime sulphuroiis acid^is evolved. The decomposition goes on still 
more rapidly when the £fbid is heated. Nitric acid converts it 
into cholesteric acid and artificial tannin. 

Cholesterin was subjected toi^ an ultimate analysis by Chevreulf 
and by Couerbe,+ and by Pelletier,§ who found it composed of. 


* ^ 

Chevreul. 

Couerbe. 

Pelleder. 

Carbon, 

85*095 

84*895 

83.37 

Hydrogen, 

11*880 

12*099 

13*32 

Oxygen, 

3*025 

3*006 

3*31 


lf)0*000 

100*000 

100*00 


The smallest number of atoms which corresponds wiUi this 
analyffls is the following : 

, 38 atoms carbon, = 28*5 or per cent. 85*07 

32 atoms hydrogen, =r 4*0 ... 11*94 

. 1 atom oxygen, =s 1*0 ... 2*99 

33*. 100.00 

* Chfvreul; Jour, dc Physiologie, iv. 257. f Surlcb Corps Gras, p. 15». 
\ Ann. de CviSm. et de Pbys. Ivi. 183. § Ibid. li. 188. , 
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According to tHs statement, tUb atomic weight of •cbolesterin is 
33*5. We have seen that the*crystals are composed of, 

Cholesterin, 94’85 or 67 

Wateii;, 5'15 or 3.636 


imjOO 

Now 3*636 is vfiry nlarfy the weight of 3 atoms of water* 
Hence it is not unlikely that tl]|p true atomic weight of cholej^ 
te>in is 67, and that its constitution is O® = 67. 

M. Couerbtf found cholesterin in the human brain,* and doubt¬ 
less it may be cxtracfed from the^brains of most of the Mjimma- 
lia. The brain was digested four times successively ip ether, 
tiH every thing soluble in 4hat liquid was taken up. The resi¬ 
due was treated with boilidg alcohol till every‘thing soluble in 
that liquid was*abstracted. The alcohol on cooling <deposited a 
white matter. This white matter being digested in cold ether 
a quantity of cholesterin is dissolved, which separates irf cry^ls 
when the ether is evaporated. • 

The quantity of cholesterin in the brain is considerable. It 
possesses the same characters as that from biliary calculi, except¬ 
ing that it docs not melt till heated to 293®. It remains in a 
liquid state till cooled down to 239®, provided *it be quite still, 
but the least agitation, tliat for instance caused by touching it 
with a hair, makes it immediately congeal into a crystalline so¬ 
lid. Couerbe found the ultimat^consfituents of cholesterin from 
biliary calculi, and from the brain the same. The cholesterin 
from the brain differs from that of biliary calculi in one remark¬ 
able circumstance. It dissolves better in alcohol, and furnisKbs 
a solution as it were unctuous. When filtered and allowed to 
cool it does not deposite crystals immediately* The ciy*stalli- 
zation begins after an interval of some time.* The crystals ar6 
plates, often several inches long and beautiful, provided no cere- 
hrote be present. • 


SECTION Vir.—OF 8EBOLIN. 

This substance was detected in the serum of bl5od by M. 
Boudet in 1833.t He obtained it by setting aside a hot alco¬ 
holic decoction of dried serum. As the aloihol cooled, a white mat¬ 
ter, having a slightly .pearly lustre, was deposited. It was sero- 
Un, 


*«Ann. dc Chim, et de Phys. Ivi. 180. t Jour, de Pluurin. xix. 299. 
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It is composed of very minute’Vhite filaments, distinguishable 
only under the microscope. Ittin^lts, when heated, to 97% has no 
acid*reaction^ and, like cholesterin, becomes red when placed in 
contact with concentrated sulphuric acid. It does not form an 
emulsion with cold Water, and when the liquid is heated, the se- 
rolin floats on the surface* under the form of a eolourless oil. 
Sulphuric ether dissolves it readily even ‘^rithodt the assistance of 
•^eat Alcohol of 0*842 dissolves only a minute trace of it when 
boiling-hot, and it is not in the least soluble in cold alcohol. *lt 
was digested for six hours in potash ley, without being dissolved. 
Henc^^ like cholesterin, it s^'ms incapable of forming soap. 
Acetic and muriatic acids do not act upon it whether they be 
cold or hot Though long heated m nitric acid, it is not dis¬ 
solved ; but it becomes soluble in potash ley, which it colours 
brown. 

T^hen distilled,* it gives out a very characteristic odour, emits 
ammonikeal vapour, and is partly volatilized. 

SECTION Vin.-OF CANTUARIDIN. 

f 

Thig name has been given to the substance in cantharides or 
Spanish flies, iMeh>e vesicatoriust JLytta msicatoria^ &c.) which 
occasions a bhstJer whin applied to tlie skin. Its properties were 
examined by Robiciuet in "1810,* and more lately by L, Clmelin. 
Kobiquet obtained it by the following process: 

Cantharides were boiled in wfltcr till every thing soluble in tliat 
liquid was taken u^. The aqueous solution was concentrated to 
the consistence of a thick syrup, which was repe.atedly boiled in 
atcohol, till that liquid ceased to act upon it The alcoholic so¬ 
lution was evaporated to dryness in a gentle heat The residue 
was put into a phial with ether, and agitated for a considerable 
lime. After some hours the ethci assumed a yellow colour. It 
was then decanted off, and left to spontaneous evaporation in an 
open dish. As the ether evaporated, small crystalline plates 
were deposited mixed with a yellow matter. Alcohol took up 
the yellow matter, but left the plates. Being dried between folds 
of blotting-paper, these plates constituted cantfmridin in a state 
df considerable purity. 

Thus obtained, it is in small crystalline plates, resembling mica, 
which melt, when heated, into a yellow, oleaginous liquid. On 
cooling, it concretes into a crystalline solid. When heated more 


* Ann. de Chim. Ixxvi. 302. 
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strongly it is volatilized in a wlike smoke, which condenses into 
a white crystalline sublimate. fTlj^e smallest particle of this mat¬ 
ter is sufficient to raise a blister on the skin. Evenihe eyesfthe 
nose, and the organs of respiration cannot be exposed to the va¬ 
pour of it without hazard^. • • 

Oantharidin is neutral, neither reacting as an* acid or base. 
It is insoluble in water, elnlost insoluble in cold alcohol, but so¬ 
luble in that liquid when boiling-hot It is very soluble in etjjer 
and in the fat oils. It was analyzed by M. ^gnault ;* 1060 
parts gave 229% of carbonic acid, and 576 of water. Hence the 
constituents are • 

• Carbon, 59.00 
• Hyd^gen, 6*04 

Oxygen, ^4*96 


100-00 

He represents the constitution of cantharidin by the formula 
C^o O*. If we calculate from this, we*get • 

10 atoms carbon =-7*5 or per cent, of 61*21 


6 atoms hydrogen = 0*75 

6*13 ^ 

4 atoms oxygen = 4** 

32*66 


• • 

• 12*25 

• ?00 


There is always a deficiency of carbon in the ordinary analyses 
by Liebig’s apparatus. This occasions a corresponding increase 
in the oxygen. 


CLASS IV. 

OF ANIMAL COLOURING MATTERS. 

These have hitherto been very imperfectly investigated^ On¬ 
ly a very few of the great number of colouring matters which 
occur iq the animal kingdom can be noticed here; because they 
have not hitherto attracted the attention of chemists. 

* Ann der Phann. xzix. 314. 
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CHAPTER I. 

OF CARMIN. 

* 

Cochineal (^occm cacH') ia an insect which inhabits different 
species of cactus,'* as the ebccitielH/er, opttntia, •■turia, &c. These 
plants are cultivkted in Mexico and some other parts of Ameri¬ 
ca for the nourishmcht of the insect « 

The females are stationary upon the plant They are collect¬ 
ed, killed by heat, and then dried. They'occur in commerce in 
the state of small dark-brown grains; and are employed in dye¬ 
ing scarlet, and in making a beautif 7 il red lake used as a colour 
by painters. " t 

Cochineal was first examined by Dr John IblS.f He made 
a cHemical analysis of the insect, extracted the colouring matter, 
and described its characters under the name of cocheniUin, In 
1818, an elaborate examination of cochineal and of its colouring 
matter under the name of carmin, was published by Pelletier 
and CaTentou,| and in 1832 the subject was farther prosecuted 
by Pelletier, who made a chemical analysis of carmin and de¬ 
termined its coiistiti^ion.§ 

Carmin may be obtained from the cochineal insect in the fol¬ 
lowing manner: Digest the cochineal insect in alcohol as long 
as it communicates a red colour to that liquid. When these so¬ 
lutions are left to spontaneous evaporation they let fall a crystal¬ 
line matter of a fine red colour. This is carmin, but not in a 
State of purity. Dissolve these crystals in strong alcohol, and 
mix the solution with its own bulk of ether. The liquid becomes 
muddy, and after an interval of some days the carmin is deposit- 
' ed at the bottom of the vessel, forming a beautiful purplish red 
crust 

Carnnin thus obtained has a fine purple red colour. It ad¬ 
heres strongly to the sides of the vessel in which it is deposited. 
It has a granular appearance, as if it were composed of crystals. 

* A detailed account of this insect, of the wild cactus, and of the mode of 
rearing these insects, and preparing them for dye stuff, may be found in Ban¬ 
croft’s Researches concerning the Philosophy of Permanent Colours, i. 236. 

I Ghemische Untersuchungen, iii. 210. 

^ Ann. de Chim. et de Pbys. viii. 250. 


§ Ibid. li. 194. 
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, It is not altered by exposure to *the air, nor does it absorb any 
sensible quantity of moisture. *Whcn heated to 122^ it melts. 

If the heat be increased it swells up, and is decomposed, yielding 
carburctted hydrogen, a preat deal of oil and a* little water, hav¬ 
ing a slightly acid taste. It gives no trace* of ammonia; yet 
according to the anal^rsis of Pelletier ^aifd Caventoii^ azote consti-* 
tutesbne of its constituents,* though its quantity is small. 

Oarmin is very soluble in water. The solution may be cqu- 
centrat'^d by evaporation to the consistence of a syrup; but no 
crystals are deposited. The aqueous solution has a line carmine 
red colour. A very ftnall quantity of carmin communicates its 
colour to a great d&al of water. It is soluble also in alcohol; 
buUthe stronger the alcohol^ the worse a solvent it becoides. It 
is insoluble in ether. The weak acids^issolve it, probably in con¬ 
sequence of the ^eat quantity of water which they contain. No 
acid precipitates it wlien pure; but they almost»all throw it d8wn 
when it is in combination with the peculiar animal matter of the 
cochineal. All the acids, however, induce a sensible change upon 
the aqueous solution of carmin. They cause it, in thq first place, 
to assume a lively red colour, which gradually acquires a ygllow- 
ish tinge, and at last becomes quite yellow. When the acids are 
not very concentrated, the carmin is not altered ift its nature, for 
when we saturate*the acid, the solutioif assumes i^s original co¬ 
lour. 

Concentrated sulphuric acid destroys and chars carmin. Mu¬ 
riatic acid decomposes it without charring, and converts it into 
a bitter tasted substanee, which has no resem^ance to flie origi¬ 
nal colouring matter. Nitric acid decomposes it with still greater 
rapidity. Some needle-form crystals are formed ^milar in ap¬ 
pearance to oxalic acid; but tiiey do not precipimte lime-w^r, 
even when mixed with ammonia. , • 

• Chlorine acts with energy on cai;piin, giving it at first a yel- * 
low colour, and afterwards destroying the colour altogether 
Chlorine causes no precipitation in an aqueous solution of carmin, 
provided the solution be pure. It is therefore a useful rgagent 
to enable us to discover the presence of an animal matter in the 
solution^of carmin. Iodine acts precisely as chlorine, but with 
less rapidity. 

The alkalies, when poured into a solution of carmin, give it a 
violet colour. If the alkali be saturated immediately, the origi- 
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nal colour of the solution reapp3arsi» but if the action of the al* 
kali be prolonged, or if it be jntreased by the application of heat, 
thcf violet Gfolbur is destroyed, and the liquid becomes first red 
and then yellow.' 

, Lime*water occasions a violet-coloured precipitate when dropt 
' into the aqueous solution of carmin. Barytes and strontian cause 
no precipitate, but produce the same change of colour as the alkalies. 

^ Alumina has a Very strong affinity for carmin. When newly 
precipitated alumina* is put into an aqueous solution of carmin, 
the liquid is deprived of its colour, and the alumina converted 
into a* beautiful laJte. If a few drops of'^acid be added to the 
aqueous solution before introducing the alumina, the lake ob¬ 
tained has a fine red coloiu* as before, but it becomes violet on 
the application of the least , heat The same effect is produced if 
we add to the liquid a few grains of an aluminous salt. 

Most of the sjdine solutions alter the colour of the aqueous so¬ 
lution €»f ca.rmin, but few of them are capable of throwing down 
a precipitate from it Solutions of gold merely alter the colour; 
nitrate of silver occasions no cliange whatever; the soluble salts 
of lead render the colour violet; and acetate of lead occasions 
an abundant violet precipitate.' By decomposing this precipitate 
by means of aViurrant of sulphuretted hydrogen, we may obtain 
the carmin dissolved in i^atcr in a state of purity. Protonitrate 
of mercury throws down a violet precipitate, l^emitrate of mer¬ 
cury does not act so powerfully, and the colour of the ]irccipitate 
is scarlet. Corrosive sublimate produces no cfiect whatever. 

Neither salts of copper nor of iron produce any precipitate; 
but the former change the colour of the liquid to violet, the lat¬ 
ter to brown. Protochloride of tin throws down a copious violet 
pr^pitate; while the perchloride changes the colour to scarlet, 

■ but precipitates nothing. Whenigelatinous alumina is added to 
tlie mixture, we obtain a fine red precipitate, which is not altered 
by boibng. None of the aluminous salts occasion a precipitate; 
but they change the colour to carmin. The salts of potash, so¬ 
da, and ammonia, change the colour of the liquid to carmin red. 

Fronrthe action of the different .salts on carmin, Pelletier and 
Caventou have drawn as a conclusion, that the metals suscepti¬ 
ble of different degrees of oxydizement act like acids on the co¬ 
louring matter when at a maximum of oxidation, but like alkalies 
when at a minimum or medium degree; and that this alkaline 
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mduence may \)e exetciaed in tba midifc of an add wben the oxides 
in question are capable of fomllpg an insoluble predpitate wiUi 
the carmin: * • • 

Tanbin and astringent principles in general do not predpitate 
carmin. * • , 

Pelletier and Caventou analyzed ^carmin in 1818 by means oP 
blaclf oxide of copper, vrithbut obtainibg any azotic gas. Butin 
a new analysis published by them in 1832, they*state^he amount 
of azote in carmin to be 3*56 per cent Bht no particulars re¬ 
specting the made of the analysis or the substances obtained are 
stated. The bare centesimal result is given. ^ So tliat wd have 
no means of judging the de^ee of accuracy which was obtained. 
Thq following table exhibit^their analysis: •* 

Carbon, . 49*33 or 82 atom^=r 24 or per cent 49*00 

Hydrogen, •. 6*66 or 24 atoms =s 3 ... , 6*63 

Azote, . 3*56 or 1 atom =r 1*75» ... 3*^ 

Oxygen, . 40*45 or 20 atoms = 20*00 ... 40*80 

• • • 

- - — 

100*00 48*75 ^ 100* 

The carmin subjected to this analysis was previously dried in 
vacuo by a heat not specified. Pdletier and Caventou think it 
not unlikely that it still retained a portion o^water. * 

In the year 1819, M. Lassaigne examined another species of 
Coccus, the Coccus ilicis, or kermes, which is common in the south 
of Europe, and which had been employed as a red dye before the 
introduction of cochineal after the discovery of America. From 
his experiments it appears that kermes in its nftturc bears a close 
resemblance to cochineal, and that it also contains a considerable* 
proportion of carmin, identical in its nature with that from fhe 
Coccus cacti* 


CHAPTER II. 

OF SERICIN, OR THE COLOURING MATTER OF 

It is universally known that raw silk is a very fine thread spun 
by the silk-worm \Bombyx mori,') and in which it envelopes itself 
while in the chrysalis state. In China there is a silk-worm which 

* Jonr. dc Pbarmacie, yiii. 435. 

L 
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spins a thread of the most dazzling whitenesa But the colour 

of raw silk from India, Italy, ^nfl France is yellow. Some ex** 
periments od tfiis colouring matter were made by Roard in 1807.* 
According to him* it is a resinous substance, almost solid at the 
temperature of 59“,* but quite fluid at §6®. Its colour is red¬ 
dish-brown while in lump^ but a fine greenish-yellow when in a 
state of division. Silk contains front ^tb to<^hl^h part of ft Its 
^80)^11 is strong, proceeding from a volatile oil which it contains. 
Light bleaches cofhpletely in a few days, when concentrated 
solutions of it are exposed to its action. It is insoluble in water, 
but very soluble in^ alcohol. The fixed alkaline leys, especially 
ammonia, dissolve a little of it while cold, sAid the action is not 
much increased by heat; while soa^ which has little action ^lile 
cold, is rather a powerful solvent oh it at the temperature of boil¬ 
ing water* Concentrated sulphuric and muriatic acids char it 
imfhediatcly. Sulphurous acid partially bleaches it Chlorine 
bleaches it instantly, converting it into a solid matter like wax. 

Aceording to Mulfierf the colourfng matter of yellow silk has 
a fine red j^olour. He obtained it in the following manner:— 
The ^Icoholic tincture of raw yellow silk is concentrated by dis¬ 
tillation to a small quantity ; flocks of cerin are deposite<l. The 
residual liqliid being now evaporated, the colouring matter re¬ 
mains mixed with fat aTid resin. From theSe substances it is 
freed by digestion in a solution of caustic potash. This solution 
must not be too strong, otheiwise the fine red of the colouring 
matter is rendered dark. 

This tolouring*matter is insoluble in water; but very soluble 
«in alcohol, ether, fat and volatile oils. When placed in contact 
with chlorine or sulphurous acid, it becomes light yellow; indeed, 
almost white. 

* The quantity qf colouring matfer in raw yellow silk is, accord¬ 
ing to Mulder, about part of the silk. 

* ^nu, de Cbifni?, Ixv. 61. 


t Poggendorf'e Armalcn, xxxvii. 610. 
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CHAPTER III. 

OF CANCRIN, OR THE COLOURING MATTER OF CRABS. 

• < 

It is well known th^t the crusts ithfch cover th5 different spe- 
cies of Cancer, as iJie gammarus (or lobster^ the asfacus (or craw- 
Jish), &C. are black, or nearly so, but become of* a flhe red #0- 
louF when boiled. It is evident from this thfjf they contain a 
peculiar colouring matter. 

Dr John made a che&iical examipation of tlie crust of thcjTgn- 
cer astacus in 1811.* He notices some of the character^, of the 
colouring matter; but does not seem to have made any attempt 
to obtain it in a separate stat3. Lassitigne, in 18^, succeetled in 
isolating it, and made some experiments on it. f The investiga¬ 
tion was carried somewhat farther in 1821 by M. Macaire, w'ho 
found two diflerent colouring matters in tbpse crusts { * . 

The colouring matter of these crusts is analogous to suet In 
the natural state its colour is dark bluish-green. When heated 
to 158“ it becomes red, and then has some resemblance to the 
beak of the duck. It is contained partly in the shelly and partly 
in the greenish membrane immediately under the shell. Some 
of it is also to be ^und in another memT)rane situated immedi¬ 
ately below the green one, and from which it may be separated 
by maceration in water. But in tbds second membrane, the co¬ 
louring matter is already red. I.iassaignc obtained the colouring 
matter by digesting the clean shell in alcohol till that liquid 
ceased to ^tract any thing more. The alcoholic solution is red. * 
When it is evaporated to dryness there remains a solid red mat¬ 
ter, similar to suet, which, after having been washed in hot water, 
may be kept without undergoing any alteration.* It is insoluble 
ift water; but very soluble in alcohol* and ether. The alcoholic 
solution has a scarlet colour, and is not precipitated by wflter. 

It is soluble by the assistance of heat in melted tallow, and in 
the volatile oils. It is stated by Macaire not to be soluble imthe 
fixed oils. * 

It dissolves readily in dilute sulphuric acid, bukis decomposed 

* Chemische Untersuchungen, ii. 49. 

f Jour de Pbarmacie, vi. 174 

I Bib). Univer., July 1821, or Schwuigger’R Journal, x.xxiii. 267. 
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by that add when in a concentr&ted state. Nitnc add converts 
it into a bitter tasted matter., *Wben the alcoholic solution is 
mix«d with 'sulphuric or nitric add, it becomes green, and the 
red colour is not restored by saturating the add with an* alkali. 
^Caustic potash dissolves it, assuming a red colour. From this 
solution it is precipitated by the acids, without having been aci¬ 
dified. The alcoholic solution loses its colour when alum is ad- 
, ded to it «If we add ammonia we obtain the colouring matter 
united to alumina. The alcoholic solution is precipitated- by 
acetate of lead. The compound of the colourng matter and 
oxide *of lead is violet The salts of iron, tin, copper, and mer- 
CU17 have no action on it 

The'deep green shell of the car&ri is reddened by adds, al¬ 
kalies, by some salts, by p^itrefacticn; by the action of air and 
oxygen, but it is not reddened by carbonic acid nor by hydro- 
- gefi. Chlorine gas bleaches it According to the analysis of 
Goebel it is composed of. 

Carbon, 68*18 or*16 atoms carlxhi =s 12 or percent. 68.08 
Hydrogel^ 9*24 or 13 atoms hydrogen = 1*625 9*22 

Oxygen, 22*58 or 4 atoms oxygen = 4* 22*70 

100*00*. 17*625 100* 


. CHAPTER IV. 

OF PERISTERIN OR THE COLOURING MATTER OF PIGE(i^*S FEET. 

This red colouring matter was examined by Goebel, who found 
it analogous to thut of the crawefish. It is easily separated by 
digesting the pigeon’s foot, in water. The external cuticle by 
this 9rocess is eadly separated, so that the red pigment is quite 
exposed, and may be easily separated by a fine knife. 

It is eadly soluble in absolute ether and alcohol, forming a 
fine camine red solution. When the liquid is evaporated the 
colouring matt^ remains as a fine sluning red mass, having the 
contistence of tallow. It is insoluble in water. On hot water it 
swims in red drops; but concretes into a solid mass when the li¬ 
quid C00I& It dissolves in caustic potash. The solution may be 

* Schweigger’s Joim. xxxix. 429. 
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diluted with water, and the cololiring matter is precipitated un« 
altered by acids. Acetic acid does not dissolve,it Sulphuric 
and nitric acids decompose it It is soluble in volatile dils; 
and all its solutions hav^ a fine red colour. 

Its taste and smell are; weak and mouldy, somewliat similar 
that of fat It does qot alter the colour of vegetable blues. Ac¬ 
cording to the andlysis of Goebel it is composed of. 


Carbon, , 

69*02 

Hydrogen, 

8*74 

Oxygen, 

• 

22*24 

• 

• 

100*00* 


As we are ignorant of tho atomic weight of this substance we 
cannot deduce its constitutioh from this analysis. * But the smal¬ 
lest number of afoms of each constituent deducibic from it we 
the following; • 

4 atoms carbon, , = 3* or pgr cent 68*58 * 

3 atoms hydrogen, = 0*375 . 8*57 * 

I atom oxygen, =1* . 22t85 

- - 0 

4*375 100*00 

• • 


CHAPTER Va 


OF AMSERIN, OR THE COIaOURINQ MATTER OF GOOSE FOOT. 

The pigment on the feet and bills of the goose has a yellow 
colour, and possesses all the chemical characters pf the colour¬ 
ing matter of the craw-fish and«pigeon’s foot •At the ordinary 
temperature of the atmosphere it is liquid and resembles oil, but 
at 45^% it assumes the consistence of tallow. Its constituents, 
as detemuned by Gcebel, are. 

Carbon, . 65*53 

Hydrogen, . 9.22 

, Oxygen, . 25.25 


100*00t 

The atomic weight being unknown we cannot deduce the con- 
• Sclpiireigger*8 Joum. xxzix. 426. f Ibid, xxzix. 43b. 
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stitution of the pigment from* this analysis. But the smallest 
number of atoms which corresponds with the preceding analy** 
sisns the following: 

10 atoms carbon, . =i 7 *5 or per cent 64*52 
• 9 atoms hydrogen, = 1*125 . 9*68 

8 atoms oxygen, ' = 3*000 25.80 

11*625 100*00 

CHAPTER VI. 

ij* 

COLOUR/NG MATTER^OF THE ANCIENT PURPLE DYE. 

t 

The most celebrated and precious of all the ancient dyes was the 
purple. The method of dyeing which was monopolized by the Ty¬ 
rian Oyers, who seem to have been acquainted with it at a very 
early period. The dye stuff was a white clammy liquor, obtain¬ 
ed from a variety of univalve shells found on the coast of the 
Mediterranean. Pliny divides these shells into two genera, which 
he distinguishes by.the names of Buccinum and Purpura. * About 
two drops of the liquid was obtained from each fish, by opening 
a reservoir placed in the throat. To avoid the trouble of ex¬ 
tracting it from every individual fish, they were often bruised in 
a mortar. The liquor when extracted was mixed with salt to 
prevent putrefaction. It was then diluted with five or six times 
< its weight of water, and kept moderately hot in leaden or tin 
vessels for the space of ten days, during wliich the liquor was of¬ 
ten skimmed to separate impurities. After this the wool, pre¬ 
viously washed, lyas immersed anil kept therein for five hours. It 
was then taken out, carded, and immersed again, and kept in the 
liquijjl till all the colouring matter was extracted. Pliny informs 
us that the Tyrians first dyed their wool in the liquor of the Pur- 
and afterwards in that of the Buccinum. 

Another mode of preserving the purple dye was by covering 
it with.honey. Plutarch, in his Life of Alexander the Great, in¬ 
forms us, that there was found in the King of Persia’s palace at 
Susa, five thousand talents of the purple of Hermime, which, 
though it had been laid up one hundred and ninety years, retain- 

‘ • Plitiii, lib. ix. c. sl6. 
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• ed its first freshness and beauty* The reason assigned for this 
is, that the purple wool was combed with honey, and the white 
with white oil,* , * 

The wool thus dyed was so costly that, in the time of Au¬ 
gustus, each pound of it* sold for 1000 Roman denarii, (about, 
L. 36, Sterling). • , • ,* 

The art of dyeing this colour came at last to be practised on¬ 
ly by a few individuals, maintained by the emperors fo> that pur- 
posh. It was interrupted about the beginning of the twelfth 
century, and all knowledge of it was lost But in the year 1683, 
Mr Cole of Bristol, being told thaba person at a sea-port in Jre- 
land gained a living by marking linen with a red coloured dye 
stuff, was induced to maktf inquiry into his mode of proceed¬ 
ing. He found j;hat the individual In question made use of a 
white liquor in the head of the Buccinum lapillus of Linnaeus; 
a shell very common on our coasts. * 

Mr Cole procured this liguor from the fish, and stained linen 
with it. When exposed to the light of the sun the stafn be- 
c.amc first green, then blue, and finally a purple red.^ 

These experiments of Cole werg afterwards repeated suacess- 
fully by M. Jussieu, M. Reaumur, and M. Duhamel.^ They ob¬ 
served the same succession of colours. ^And*they mention also 
a fetid smell like a mixture of garlic and assafcetlda, given out 
while it was changing its colours. This smell bad been also no¬ 
ticed by Cole. As no experiments on this curious liquid have 
been made by modern chemists, we are still igqprant of its nature 
and properties. I have mentioned it here merely to draw the 
attention of such chemists as, living upon the sea-coast, may have* 
it in their power to procure the shell fish that yield it 
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OF ANIMAL AMIDES. 


The substances included under this name constitute a very 
important portion of the materials of whioh animal bodies are 
composed. They are still so imperfectly known that we do not 




Langhornu’s Plutarch, ix. 373. 


t Phil. Traiib. xv. Iti78. 



168 


m • 

• ANIMAL AMIDES. 


know whether they ought to placed among animal acids or 
hese^ or whether they are not rather indifferent substances. The 
lasf supposition accords best with the present state of our know¬ 
ledge. They have a strong analogy to tiie amides from the ve- 
» getable kingdom; the account of which will be found in the 
Chemistry Vegetahle ^oHieSf p. ^90. For this reason they 
liave been place,d together under that provisional denomination. 
They ma^ be arranged under'the following heads : 

3. Protein. IL Gelatin, 

(1.) Albumen. (l.'i Collin. 

. (2.) Albumen frmn silk (2.) (^hondrin. 


(3.) Gelatin from silk. 

III. Hematosin 

IV. Spcrmatin. 

V. Salivin. 

VL Pepsin. 

• < VII. Pancreatin. 

These will be the subject the seven following chapters. 


(3.) Casein. 

(4.) Fibrin of blood. 
(5.) Fibrin of silk. 
(6.)*Ricotin. 


CHAPTER 1. 

OF IniOTEIN. 

This name was given by Mulder to a substance which consti- 
* lutes the bases of albumen, fibrin, flesh, casein, and probably of 
other animal tissues.* To obtain it, albumen from eggs or blood 
may be takemand digested in water, alcohol, and ether, till every 
thing soluble in these liquids lias been removed. It is then 
treated with dilute muriatic acid, which removes the insoluble 
eart&y salts, especially phosphate of lime. It is then to be dis¬ 
solved in a moderately strong alkaline ley, and the solution must 
be heated to 122°, by which a little phosphate of potash and sul- 
phuref of potassium are formed, originating from sulphur and 
phoi^horus existing in the albumen in an unoxydized state. 
The protein thus treated is precipitated from its alkaline solu- 

* So named from I am first. 

3 
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• tion by acetic acid, added only*to a very small excess, because 
too much would again dissolve Ibe protein. The gelatinous pre¬ 
cipitate is collected on a filter, and washed tilf ef ery trace of 
acetate of potash is removed. 

Protein thus purified ponstitutes gelatiu(n&, translucent, grey¬ 
ish flocks w^ibh, whep dried, assume & yellowish colour, and be-* 
come hard and UHttle, an^ easily pulverized. The powder is 
amber yellow, destitute of smell |ind taste, absorbs m^sture 
thfl atmosphere; which it again loses wlien heated to 212^. 
When heated,*it undergoes decomposition belbre it melts. It 
swells up, gives out dhipyreumatic oil, amnjoniacal watdr, and 
inflammable gas, and leaves a porous charcoal, which bmns*rea¬ 
dily in the air without leaving any residue. *’ 

Protein sinks in water, dhd when left in that liquid, softens 
and swells, and*assumes the original appearance which it had be¬ 
fore it was dried. It is insoluble in water, alcohol, ether,*and 
volatile oils. When boiled in water, it is partly dissolved, but 
the process is so slow, that after sixty hours boiling, moat of the 
protein still remains unacted on. When the disso\yed portion 
is evaporated, the matter remaining is translucent and yellow, 
and consists of two substances, one of which dissolves in alcohol, 
and the other not • • * 

Protm combines both with acids ahd bases. It dissolves in 
all very dilute acids, and forms with them a kind of neutral com¬ 
pound, which is insoluble or diflicultly soluble when there is an 
excess of acid present Hence, if to a solution of protein sulphu¬ 
ric, nitric, phosphoric, or muriatic acid be ad<led, the prtitein pre¬ 
cipitates in combination with the acid added. And when the ex¬ 
cess of acid is washed away, the precipitate again dissolvea 
Acetic acid and phosphoric acid constitute an exception, as they 
dissolve protein even when added in excess. , When treated with* 
them in a concentrated state, the, protein first gelatinizes, and* 
then dissolvea From the solution in acetic acid protein«^s pre¬ 
cipitated by prussiate of potash, by tannin, and by an alkali. 

The action of the strong acids produces alterations qp pro¬ 
tein. Concentrated muriatic acid, when air is excluded, gives a 
yellow*solution, which becomes brown when oxygen gas is ad¬ 
mitted. When the muriatic acid is alloYred to act upon protein 
in an open vessel, the colour of the solution gradually deepens 
to indigo blue. When heat is applied, the liquid becomes black. 



170 


.ANIMAL AMIDES. 


- » 

containing hnmin and sal-ammdniac, while an altered muriate 
of protein is deposited. • * 

In concentrated sulphuric acid, protein swells into a jelly. 
When this jelly is* cut into pieces, and put into cold water, that 
li<|uid remores the dxcess of acid, and the mass shrivels up into 
a white sulphate of protein*, which is insolul)[lc in w&ter. This is 
the substance to which Mulder has ^ren thd name of sulplut- 
prqfeic aci^. Its characters wjll be given afterwards. When 
protein is boiled with* dilute sulphuric acid, it becomes purpie- 
coloured. » 

Protein combines, with alkalies and basek With the alkalies 
and *a&aline earths, it forms compounds soluble in water, from 
which it may be precipitated by tlib addition of alcohol. ‘Its 
compounds, with the earths <and metallic oxides, are insoluble. 

Mulder Analyzed three specimens of protein, \he first obtain¬ 
ed ffom fibrin, the second from albumen of eggs, and the third 
from albumen of serum of blood.* Dr Scherer analyzed also 
three sjjecimens, the first from the crystalline lens of the eye, 
the second ^om albumen, and the third from fibrin.t The fol¬ 
lowing table exhibits the results of these analyses: 

Mulder. ‘ Scherer. Mean, 

i. , 2. _ 3. 1. 2. 3. 

Carbon, 54*94 54*93 55*40 55*300 55*166 54*848 55*096 

Hydrogen, 6*95 7*07 7*16 6.940 7*055 6*959 7*022 

Azote, 15*83 15 83 16-00* 16*216 15*966 15 847 15*948 

Oxygen, 22*29 22*17 20*34 21*544 21*819 22*346 21*752 

♦ _ ^ _ 

• 100*01 100* 98*90 100* 100* 100* 

Mulder represents the constitution of protein by the formula, 
(yto PJ31 Q12 _ 54*625. If we calculate from this formula, 
*we get , • 

‘ 40 atoms carbon, *= 30* or per cent 54*93 

«, 31 atoms hydrogen, = 3*875 ... 7*09 

5 atoms azote, = 8*750 ... 16*02 

12 atoms oxygen, =s 12*000 ... 21*96 


54;625 100*00 . 

Numbers which almost, coincide with the mean of the six analy- 


* Aim. dvr Phurm. xxviii. 74- 


t Ibid. x1. 43. 
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see. Scherer Vepresents the constitution of protein by the for¬ 
mula C*® Az® = 65. TJps formula gives, 

48 atoms carbon, = 36* or per cent 55^8 • 

36 atoms hydropen, =r 4*5 ... * 6*92 

6 atoms azote, =10*5 ... • 16*16 

• • 

14atoms oxygen, = ]4*Q • ... 25*54 


65*0 100*0(J 

Tins formula also comes very near the eitperimental quantity, 
showing how difficult it is to determine by calculation the con¬ 
stitution of such comjfficated compounds. * 

Protein has the‘property of combining with sulphuric? 4cid, 
find of forming an acid to ^hich Mulder has given the liiame of 
suJpho^proteic acid, • , • 

To prepare itf he mixed purified casein with conceqjtrated sul¬ 
phuric acid.* The solution was treated with ammonia, the^ex- 
cess of which was driven oft’ by evaporation. Nitrate of silver 
dropt into the liquid gave h precipitate of *sulpho-proteat^ of ’sil¬ 
ver, which was washed and dried at 266®. He prepared another 
sulpho-proteateof silver by treating albumen of eggs in the same 
manner. 487 of the salt from Casein gave 739 carbonic acid 
and 231 water: 120 parts gave 22 of metallic«ilfer, and 760 
gave 140 of sulphate of barytes. Henfe the constituents in 100 
p<*irts must be, 


Carbon, .« 

41*36 



Hydrogen, 

5*27 



Sulphuric acid, 

6*35 • 

• 


Oxide of silver. 

19*68 


# 


72*66 

What is wanting to make up»the hundred parts must be azote < 
and oxygen. But protein contains %e atoms of azote and twelve 
atoms of oxygen. Hence the azote in 100 parts of the salj must 
weigh 14*08, and of consequence the oxygen must be 13*26; 
477 of the salt containing the albumen gave 647 of carbonic 
acid, and 200 water. Hence 100 parts contain, • 

, Carbon, . 37*08 ' 

Hydrogen, . 4*66 


* Ann. der Pharm. xxxi. 127. 
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According to these imperfect aifedyses, the two salts consist of. 


Fmin Casein. 

From Albumen. 

•Carbon, . 41*36 

a 

37-08 

Hydfogen, . 5*27 

Azote; . 14*08 * 

• 

4-66 

Oxygen, •... 13*26 

Sulphuric acid, 6*35 

Oxide of silver, 19*68 

O 

f 

100*00 



Mulder considers the salt as composed of. 


1 atom protein. 

C" Az« 0“ 

*• 1 atom sulphuric acid. 

SO® 


1 atom oxide of silver, » . 

Ago 



He prepared sulpho-proteate of copper, and subjected it to 
analysis. Its constituents were, 


Carbon, 

32*17 

Hydrogen, 

4*58 

Azote, 

9*87 

^ Oxygen, 

16*85 

Sulphuric acid. 

11*68 

• • 0«xide of copper. 

25*85 


101*00 

He considers it as composed of 


1 atom protein, 

(MO H31 Az® 0“ 

2 atoms sulphuric acid. 

2 (SO®) 

< 5 atoms oxide of copper. 

5 (Cu 0) 


It is, in his own opinion, (O® Az® 0“ + SO®) + (2 Cu 
O + SO®) + (S CuO + 3 Aq> 

I think it unneqes^y to enter 'nto any examination of these 
results, because the conclusiQns are obviously conjectural 
Tap.nate of Protein ,—When albumen is mixed with water and 
the liquid passed through a filter, if we mix it with a solution of 
pure jannin, a white flocky precipitate falls, which is difficult to 
wash. When dried at 266® it still retipns its white colour, and 
the tannin is unaltered, if the drying be cautiously conducted. 
It was subjected to an^ysis by Mulder.* It contained two per 

* Ann. der Phann. x»d. p. 120. 
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cent, of a calcareous salt He endeavoured to get a purer tannate 
by precipitating a solution of {)rptein in acetic acid by tannin. 
596 parts of this last salt gave 1154 of carbonic dcid, and 29P of 
water. * The volumes of carbonic acid and azdtie gases were to 
each other as 58 to 5. Hence the constituents were, 

* A 

Carbon, , 5fi*80 
iHydrbgen, •5*41 
Azote, . 10*87 

Oxygen, * 30*92 


• 100*00 

He represents the ct>mposition of Ihe salt by the formula, * * 

• • O'® H’® Az® resolvaiHe into 

1 atom protein, • C“ Az* 0“» 

1 atoih tannin, C's H® 

2 £doms water, . H® Q* • 


• C®8 H38 Az® 02® ^ • 

Protein-oxide of Lead .—When a solution of protein in acetic 
acid is mixed with a lead salt, a precipitate falls, composed of 10 
atoms protein and 1 atom oxide 8f lead. If there be a great ex¬ 
cess of acetic acid, the precipitate is composed of^d atoms protein 
and 1 atom oxidd of lead.* • 

Sulpko-bi-proteic Acid .—If we dissolve albumen in acetic acid, 
and add dilute sulphuric acid, we obtain ailocky precipitate which 
may be washed with alcohol. When dried at 266® it is a com¬ 
pound of protein and sulphuric acid in definite proportions. It 
was analyzed by Mulder. 132 parts of it gave 16 of sulphate 
of barytes. Hence 100 parts contain 4*18 of sulphuric acid. 
51 parts gave 95*2 of carbonic acid, and 31 of water. Hence it 
contained. 


Carbon, 

.. 50*90 

Hydrogen, 

. * 6*74 

Azote, 

15*03 

Oxygen, 

. 23*15 

Sulphuric acid. 

. 4*18 


100*00 


The azote was not determined; but calcufated on the suppoeition 


* Aon der Pharm. xxxL p. 181. 
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that it amounted to 20 atoms. represents its constitution by 
the formula C" O®® 4 .' S(P. Calculating from it we 

get^ * ‘ 

80 carbon, . =: 60 or per cent. 51*51 


64 hydrogen, . = 8 ... 6*86 

10 azote, . * j = 17*5 ... 15*03 

26 oxygen, '. = 26* ... 22*31 

1,sulphhric acid, =5 ... 4*29 


116*5 '00. 

Mulder considers the precipitate as composed of 

2 atoms protein, C®® H®^*^Az“ O®* 

2 atoms water, , Cy* 

1 atom sulphuric «acid, SCy* 


QBO Q2« S03 

Chloro-hi^proteic Add ,—This acid may be formed in the same 
way at the last. It is composed of 2 atoms protein, 2 atoms 
water -f 1 atom muriatic acid. 

AcHon of CUhrine on Protdn .—Mulder has made some expe¬ 
riments on the action of chlorine on protein.* When a current 
of dry chlorine‘is passed over protein it is absorbed, but the pro¬ 
tein is not decomposed. The compound formed is a compound 
of 1 atom protein and 1 atom of chlorous acid. Hence its for¬ 
mula is H®' Az® + <310®. This compound is easily 
washed and obtained in a state of purity. 

To forin it albumen was dissolved in water, and the liquid 
ffitered. This solution being treated with chlorine no gas was 
evolved, but white flocks almost immediately appeared. They 
increased in nupiber. In a few hours the action was at an end. 
The precipitate, which smelt of chloi*ous acid, was collected on a Al¬ 
ter and washed. The washing was continued till the water nearly 
ceaseebto be acted on by nitrate of rilver. But, as the precipitate 
is not altogether insoluble in water, the process must not be con- 
tinuec^o long. The precipitate thus washed was pressed between 
folds of filtering-paper, and dried at 176*. It has a white co¬ 
lour with a tint of straw-yellow. It was finally dried at 212*. 
When heated on platinum foil it melted, gave out gas, swelled 
and burnt all away, without leaving any residue. During its 


• Alin, der Pbarm. xxxvi. 68. 
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combustion it ^ve out a smell analogous to saffron. The com¬ 
bustion was very slow. It was lubjected to an ultimate analyns 
by Mulder. 527 parts of it gave 927 of carbonic ascid, and^93 
of watet. 2750 parts of it gave 756 of chloride of silver. Hence 
100 would have given 27*49 of chloride of silver = 6*87 chl^ 
rine = 11 *62,chlorous acid. The,asotic gas was determined* 
by measurement, and*was One-eighth part of the bulk of the car¬ 
bonic acid gas. Hence the constituents are • ^ 

Carbon, 47*97 

Hydrogen, . 6*18 

Azste, . 14*10 

Oxygen, *. 20*13* 

Chlorousj acid, 11 *62 

• 100*00 
He gives as the formula for its composition IP’ 

4. CICP; that is to say, an atom of protein and an atom of chlo¬ 
rous acid united together. •Doubtless the dxygen of the cl))[orous 
acid was obtained by the decomposition of three atoms of water. 

When casein or fibrin was used instead of albumen, the com- 
pounds formed wore identical; Sliowiug that the protein from 
albumen is isomeric with that from casein and fibrin? 

The liquid froifi which the chloro-pnoteic acid had been pre¬ 
cipitated by chlorine was transparent, very acid, and smelled of 
chlorous acid, though very little ofjthat acid was present. When 
saturated witli ammonia only two or three bubbles of azotic gas 
were extricated. Being evaporated to drynels, it left •a great 
quantity of sal-ammoniac. We see from this that the water hack 
l>een decomposed by the action of the chlorine; the chlorous acid 
united to the protein, but the muriatic acid remained dissolved 
in the water. • ^ 

• Dry chloro-proteic acid is a straw-yellow powder with a fatty 
feel. It is insoluble in alcohol and ether, and almost insoluble in 
water. In concentrated sulphuric acid it dissolves without com¬ 
municating any colour. When water is added to the solution 
white flocks precipitate. When nitric acid is made to act upon it 
for sevei^al days at the common temperature of the atmosphere 
it gradually dissolves it, and converts it to xanthoproteic add. 
When acted on by muriatic acid cold, it is hot converted into hu- 
min as is the case with protein. It forms in it a colourless solu¬ 
tion. 
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Chloroproteic acid is soluble «n barytes water.^ If no beat be 
applied to the solution^ carbonic? acid may be passed through it. 
If i^e then heat and filter it we have a colourless solution, wMch, 
when evaporated,' leaves a residue containing organic matter, 
Wytes, and chlorine. Chloroproteic &cid is soluble in ammo- 
*nia with the eyolution of mi}ch azotic gas. When ,the solution is 
evaporated we obtain a residue soluble in* hot water. Alcohol 
throws down from this solution a new organic matter, while sal- 
ammoniac remains in solution.* Mulder distinguishes this i}ew 
organic matter by the name of Oxyprotein. , 

It is a yellow powder which must be treated with boiling alco¬ 
hol 't6 free it from 'the ammoniacal salt: and it always retains a 
small (Quantity of chlorine. Mulder dried it at 212% and subject¬ 
ed it to an ultimate analysis 603 parts of it gave 1108 of car¬ 
bonic acid, and 358 water. 100 parts gave' 15*12 of azote. 
Hence the constituents are. 


Carbon, 

50*16 

Hydrogen, 

6.50 

Azote, 

15.12 

Oxygen, 

28*22 


100*00 


He represents the constitution by the formula C" Az* 
O” -4- HO. It is therefore a hydrated oxide of protein; or 
protein combined with three atoms water. The chloroproteates 
when they lose their chlorine by the action of ammonia do not 
lose the ox 3 'gen of the chlorous acid, which forms with the pro¬ 
tein a new body. 

Oxy-protein constitutes a brittle and easily pulverized ma^, 
having an amber colour. It is heavier tlian water and soluble 
in that liquid. ' It is scarcejy soluble in alcohol and quite in¬ 
soluble in ether. It dissolves in dilute sulphuric acid at a boil¬ 
ing temperature. Strong boiling muriatic acid dissolves it also 
without becoming coloured. By nitric acid it is converted into 
xanthpproteic acid. It is soluble in potash, soda, ammonia, and ba¬ 
rytes water. The aqueous solution is not precipitated by prus- 
ric acid. Sulphuric acid throws down a white precipitate, which 
dissolves when the liqour is heated, and again falls when it cools. 
With infusion of nutria it gives an abundant precipitate. Ni- 
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.teate of silver, clloride of iron, a^tate of copper, are precipitate 
ed by it. • 

Mulder subjected this last precipitate to an ansHysis. >10 
parts dried at 248^ gave f of oxide of copper. * 418 parts gave 
752 carbonic acid, and ^43 water. The azote amounted to 


Henpe the constituents are. 

• Carbon, 

49-06 

Hydrogen, , . 

6-46 

A 

Azote, 

14-87 , 

Oxygen, 

25-97 

Osfide of copper, 

• • 

3-64. 

• 

• 

100- 


He represents the constithtion by Hhe formula* C* H® Az'® 
O** -f CuO. He considers it as a compound of 1 atom ojy- 
protein, and 1 atom oxide of copper, together with a compoimd 
of one atom oxy-protein, and 1 atom water.^ * 

1 atom oxy-proteate of copper, O® H^' Nz® -f CuO 
1 atom oxy-protein + Aq, C*® Az® O^® HO 


—— — . . m 

•C® Azi® 0» + HO 

Chhroxy-protecUes. —^Chloro-proteic acid, when* clissolved in 
barytes water, and a current of carbonic acid passed through the 
solution to throw down the excess of barytes, and finally, when 
filtered, gives a barytes salt, the constituents of which are con¬ 
stant Alcohol being added to the aqueous solution, the new 
salt is precipitated while the chloride of barium remains ih solu¬ 
tion. The new salt was washed with boiling alcohol and dried * 
at 266®. 

When acetate of copper is dropt into the aqueous solution of 
the barytes salt, as wc have it *before precipitation by alcohol, 
bluish flocks precipitate. This precipitate was thoroughly wash¬ 
ed and dried at 266*. • 

With chloride of iron a third salt w'as obtained. But the an¬ 
alysis of it was found difiSicult. • 

The barytes salt being subjected to analysis was found com¬ 
posed of,* 
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Carbon, “ . 44-91 ' 

Hydrogen^ 5*65 

Barytes, • 11*88 

Chlorine, . 1*'?0 

I 


• , ' 64-U r 

What is wanting to make up thft hundred oousistB, dobbtlees, 

of azotivand oxygen. 

The copper salt contained, 

Carbon, . 48*94 « 

' , Hydrogen, . «6*33 

Chlorine, . 1’'73 

Oxide of copilbr, 3-48 

I 

, 60-48' 

* The ferruginous salt contained, 

• Carbon, . 48*07 

s Hydrogen, *. 6*21 

Chlorine, . 1*76 

Peroude of iron, 2*37 

• rnmrnmmm^ 

58*41 


These analyses wouldT require repetition, diid the quantity of 
azote should be determined. 

Xantho-proteic This name has been g:ven by MiJder 

to a yellow coloured acid, obtained first by Fourcroy, by treat¬ 
ing Win or albumen with nitric acid. During the action 
azotic gas is evolved, while oxalic acid and ammonia are formed. 
This acid was analyzed by Mulder, who found it composed of, 
C^bon, . 51*32 or 34 atoms = 25*5 

Hydrogen, . 6*575 or 26 atoms = 3*25 

Azote, . . ,14* or 4 atoms = 7*00 
Oxygen, . 28*105 or 14 atoms = 14*00 


I 


100*000 49*75 

He considers it as a compound of, 

!• atom xantho-proteic amd, • 

2 atoms of water, . • H* O* 


C®* Az* 
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Mulder condrined these viewf by analyzing several of the salts 
of xantho-proteic acid.* * • 

He dissolved pure xantho-proteic acid in ammonia, and* the 
beautifhl red liquid formed was evaporated on the water bath 
till all the uncombined ammonia was drived off. The readue 
was divided i»to two portions, the lir^ of which was dried, and 
the other again dissolved in water, and a current of chlorine gas 
passed through it The dried portion when heated to SJiC® gaye 
out ammonia. It lost its red colour and becanm orange yellow. 
It was analyzed after being dried at 284^ 326 parts gave 618 

of carbonic acid and 198 of water. The azotjp per cent, w^ es¬ 
timated at 14*37. Hence its constituents are, 

• Carbon, . t51*70 or 34 atoms = 25*5 

Hydrogen, • 6*75 oiw25 atoms =f 8*125 
Azote,* 14*37 or 4 atoms = 7*000 

Oxygen, . 27*18 or 13 atoms =. 13*000 * 

_ _ • 

*100* * 53*625* 

It is obviously composed of one atom xantho-proteic acid, and 
one atom water. The ammonia had escaped and the hyrkat- 
ed acid remained. * 

When a current of chlorine was passed througff tlie ammoni- 
acal solution of xantho-proteic acid it ^ost its red colour and 
white flocks with a shade of yellow precipitated. When 
washed and dried at 212°, these flocks became lemon yellow. 
This substance being analyzed was found to be a compound of two 
•atoms of hydrated xantho-proteic acid, and one atom of chlorous 
acid. The analysis gave, * 

Carbon, , 49*61 or 68 atoms = 51* 

Hydrogen, 6*22 or 50 atoms = , 6*25 

Azote, . 12*89 or 8 atoms ^ 14* 

* Oxygen, 23*29 or, 26 atoms = 26* 

Chlorous acid, 7*36 or 1 atom = 7*5 • 

99*37 104*75 , 

When the lemon yellow powder is dissolved in ammonul, azo¬ 
tic gas is evolved. If we evaporate to dryn^ and dissolve off 
the salamoniacby alcohol, we have the xantho-proteic acid in a 
state of purity.f 

* Ann. der Pharm. xzviii 78. 


t Ibid, xxxvi. 81. 
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SECTION I.—OF ALBUMEN. 

The term albumen employed by Pliny to denote the white 
of'^an egg,* began, about the end of the last century, to be 
applied to certain organic substances, which have the property 
of coagulating, when heated to the temperature of 159.® In 
their natural state they ai*e soluble in watpr, but lose this solubi¬ 
lity by coagulation. The word albumen does nht occur in the table 

the LOW chemical nomenclature, published by the French che¬ 
mists in 1787. But we find it employed by Fourcroy about the 
year 1789.t He and Vauquelin seem to have been the first che¬ 
mists that attempted to fix its meaning with something like preci¬ 
sion. ^ Albumen may be obtained sufficiently^ pure from the tohite 
of an egg and from the serum of bP)od. 

AVhen healthy blood is drawn from an animal, and left at rest, 
it grciduttlly separates into two portions; namely, a gelatinous- 
looking substance, containing all the red globules, and called the 
crassamentum or clotf and a liquid portion of a greenish-yellow 
colour, which floats over tlie clot This liquid is called the se¬ 
rum of tlic blood. 

li was first observed by Dr Harvey, that when serum is heat¬ 
ed, it coagulates, and becomes as firm as the coagulated white of 
an egg, though not so white.! The coagulating point, as deter¬ 
mined by my thermometer, is 159®. It has been long known that 
the white of an egg coagulates when heated to the same point. 
Kouelle and Bouquet, about the year 1776, first compared scrum 
of blood and white of egg together, and concluded that both con- 
tained*a similar substance. To this substance, as has been al- 
‘ ready stated, the name albumen was applied, from a notion (now 
known to be erroneous), that it existed in the state of greatest pu¬ 
rity in the white of an egg. 

The white of , egg was examined with some care by Neumann, 
who ascertained its property of being coagulated by heat, alco¬ 
hol and acids ; found that, in a gentle heat, it might be evapo¬ 
rated to dryness, leaving a yellowish translucent substance, re- 
seipbliiig amber in appearance, and still capable of dissolving in 
oold water. When thus dried, he found, that 100 parts of albu- 

* Plinii Hist. lib. xxviii. c. 6. t Chem. UL 252. 

t Dc Generatione Aahn. p. 161. 
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men were reduied in one case 10*lo, and in another to 14*28 
parts.* • 

It has not hitherto been possible to free albumen-from all^fo- 
reign nSatters; but it is brought to a sthte approacliing purity by 
the following process: * • 

Mix the wltfte of c^gs with a con^dorable quantity of distilled * 
water; and rub tlie mixture intimately in a glass or porcehiin 
mortar, to break down all the membranous ccHs in wjjich the 
albumen is lodged, and allow it to dissolve In the water. Throw 
the whole on a^ltcr of verj' bibulous paper, add raise the tem¬ 
perature of the filterech liquor to 160®. The albumen wiH coa¬ 
gulate in white flocks. Let it subSide to the *bottom of a ^din- 
dric^l glass in which the w'hjdc liquid has been put. Dilaw oflf 
the clear liquid, and add a new portion of distilled water. Agi¬ 
tate well, allow rtie albumen again to subside, and draw off the 
water a seci)nd time. This process may be repeated a third time, 
after w hich tlie albumen is to be dried in a gentle heat. Heduce 
it to a fine powder, digest it in alcohol till 'that liquid cc^es 'to 
dissolve any thing. Finally, dry it over the steam-batli. It is 
now as pure as it is in our power, with our present knowledge, to 
make itf • 

Albumen purified in this manner, when burnty leaves about 
2 per cent, of a gray-coloured ash ; dsubtlcss, the earthy salts 
(chiefly phosphates) which the white of egg contained. Scheele 
observed, that wdien the white of ay egg was dissolved by boiling 
it in very dilute acids, it was again precipitated by adding some 
concentrated acid. Luring this precipitation ti smell ofi sulphu¬ 
retted hydrogen was perceptible, showing clearly tliat it contain^ 
sulplmr.J 

Albumen prepared in this way is transparent, and has an 
amber colour. When put into^ater it swells uj), becomes opaque 
•and white, and assumes the appearance of coagulated white of 
egg. According to Chcvrcul, 1000 parts of water dissolve 7 
parts of coagulated albumen. 

It dissolves in concentrated muriatic acid, and the solution, os 
• Neumann’s Chemistry, p. 654. 

f It will not be freed from soda nor from the earthy phosphates which may 
have existed in white of egg. To get rid of these must he treated with an 
acid. 

t Scbeele’s Chemijpl Essays, p. 268. 
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was first noticed by Caventou ^and Bourdoisi nas a fine blue 
colour. The addition of water ‘precipitates the albumen white ; 
but the acid sfiU retains its blue colour. Caustic potash or soda 
dissolves it, and the solution has the property of blackening sil- 
]{er. Coagulated albumen and fibrin ^ssess exactly the same 
• properties. , 

Uncoagulated albumen seems to possess acid characters, 
tl^ough it does not alter the colour of vegetable blues. In the 
serum of blood, it is combined with soda. When we add a, so> 
luiion of a metallic salt to the serum of blood, and then drop in 
as much caustic potash as will decompose, the salt, the metallic 
oxide does not precipitate, but remains in solution united to the 
albumen. 

When to a solution of albumen we add acetic acid, and then 
drop into, it prussiate of potash, a copious white precipitate falls. 
This is one of the most delicate tests of the presence of albumen 
in liquid. 

Tretosulphate of iron and sulphate of copper, according to 
Schiibler, precipitate a very dilute solution of albumen; but if 
we increase the quantity of the metallic salt, the precipitate 
again dissolves. 

The salts of tin, Jead, bismuth, silver, and mercury, precipitate 
albumen white. The subacetate of lead gives a precipitate with 
a very minute quantity of albumen. Corrosive sublimate precipi¬ 
tates albumen from a liquid containing only j^yV^rth of its weight 
of that principle. The precipitate is a compound of corroave 
sublimate and albfimen. By this combination, the poisonous quali¬ 
fies of corrosive sublimate are destroyed. Hence, the white of 
egg constitutes the best antidote to this poison. According to 
Orfila the albuminate of corrosive sublimate (if the term may be 
permitted) is composed of. 

Albumen, , . 62*22 or28 

Corrosive sublimate, 37*78 or 17 


100*00 

r 

According to Bostock, of 

• Albumen, . 88*89 or 136 = 28 x 5 nearly. 

Corrosive sublimate, 11*11 or 17 

L 


# 


100*00 
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Albumen wAs analyzed 1^ Gmy-Luissac and Thenard, by Mi- 
chaelis and by Frout. Gay-Lifs^c and Thenard merely dried 
the white of an egg in the temperature of 212^, abd* analyze;^ it 
withouf any attempt to purify it.* Df Frout employed albumen 
from the serum of the blood of a patient labouring under a slight 
inflammation.* Mulder lias made ^ more recent analysis, an^« 
took \he precautien to pufify his albumen by the process de¬ 
scribed at the beginning of this section. Hence^it woi^ be free 
from a small portion of mucu^ which is ktaown to exist in £e 
white of egg* Xhe result of all these analyses i^ll be seen in the 
following table: • 

• Michaelis. * * Mulder.’* 


Gay-Lussac From arte^ From venous White of ^nun of 


• 

& Thenard. 

rial blood.* 

blood. 

Prout. 

egg. 

* blood. 

Carbon, 

52-883 

53 009 • 

52-660* 

49-750 

63-960 

54-398 

Hydrogen, 

7-54D 

6-993 

7-350 

7-775 

7-052 

7-024 

Azote. 

15-705 

15-562 

15-505 

15-550 

15696* 

15-%ld 

Oxygen, 

23-872 

24-436 

24-484 

26-925 

23*292 

22-744 

• 


100- 

1 

• 

i 

100- 

100- 

100- 

100- ■ 


But Mulder has more recently subjected albume^ to a new 
analysis, and determined the phosphorus and sulphur wh^h it 
i'ontains. The following are his insults :t 


Carbon? 

From Eggs. 

54*48 *. 

F^m Seridn. 

54*84 

Hydrogen, . 

7.01 

7*09 

Azote, 

15*7P 

15*83 

Oxygen, 

22*00 

21*23 

Phosphorus, . 

0*43 

•0*33 

Sulphur, 

0*38 

0*68 


100* 

100* 


He represents its constitution*by the formula| l6 (C*® H?' Az* 
*0^) + Ph + or ten atoms protein united to one atom phos¬ 
phorus and two atoms sulphur. If we calculate fixim this formula 
we get, 

400 atoms carbon, =: 300 or per cent 54*33 

310 atoms hydrogen, = 38*75 ... 7*0^ 

,50 atoms azote, = 87*50 ... 15*84 

120 atoms oxygen, = 120*00 ... 21*73 

• Recherches Physico-Chemiques, ii. 381. + Ann. der Phann. xxviii. 74. 
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1 atom phosphorus ra 2*00 ' 0*30 

2 atoms sulphur, 4*00 ... 0*72 

552*25 100* 

Still more lately albumen has been subjected to a careful 
^analysis by Dy Scherer in Liebig’s laboratory.* He analyzed 
albumen from blood, from eggs, from the liquor of a bydrocels 
and fron^ pus. Tbe result came so near those of Mulder, that 
it seems unnecessary to state them. It has been already stated, 
that his formula lor protein is C*® H®® Az® O'*. ,It differs from 
that of Mulder only by an atom of hydrcgen. In the present 
state 'of our knowledge, it is difficult, if not impossible, to decide 
which of the two formulas is nearest the truth. 

It is evident .from the analyses that the chemical constitution 
of albumen from the egg and from serum is identical. Yet re- 
ageeats do not in all cases produce the same effect upon each. 
Chevreul informs us, that ether and oil of turpentine coagulate 
white qf egg, while, according to Ti€^iemann and Gmelin, they 
do not produce the same effect on the serum of blood. 

SECTION IT.-—OF ALBUMEN FROM SILK. 

This substanKse was first particularly examined by M. Mulder 
in 1836. He obtained if by the following process. 

Silk was treated with boiling water till every thing soluble in 
that liquid was taken up. Th.9 aqueous solution was evaporated 
to dryness and the residue digested in alcohol and ether. The 
matter not acted dpon by these liquids was a mixture of coagu> 
Uted albumen and gelatin. Boiling water dissolved the latter 
substance and left the albumen in a state of purity. 

It is brittle, easily reduced to powder, and heavier than water. 
When placed on a hot iron it is charred and emits the smell of 
burning horn. It bums with flame, leaving a large quantity of 
white^ ashes. When distilled per se it gives out much carbonate 
of ammonia and empyreumatic oil. A dry portion of it being 
left for 24 hours in concentrated sulphuric acid remained unal¬ 
tered. But when heat was applied it w.as charred with the evo¬ 
lution of sulphurous add gas. Moist albumen dissolves in sul¬ 
phuric acid at the common temperature of the atmosphere. In 
dilute sulphunc add it is not soluble even when heat is applied 

* Ann. de Pbarm. xl. 96. 
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Nor does it diisoWe in cold niltic acid; but it is easily soluble 
in that acid when assisted by b^f; Moist albumen (bssolves in 
nitric acid at the common temperature, and oxalic*add is formed. 
It is ndt acted on by muriatic acid unless heat be applied when 
it is dissolved. Moist albumen dissolves in* it at the ordinal^ 
temperature af the atmosphere. By jdiosphoric arid and heat it * 
is chdrred and deoomposedr * 

When dissolved in concentrated acetic acid, the soli||ipn ha^a 
fatty feel, which Mulder considers as a reiharkable distinguish¬ 
ing character. • When prussiate of potash is dropt into this so¬ 
lution a beautiful greefi precipitate falls, which is insoluble In wa¬ 
ter. By this propelHy a minute quantity of this albumen inay 
be discovered. • ?’ 

It dissolves in potash, soda, and ajnmonia, and is precipitated 
again by acids. • If we add acetic acid to the potash ^lution it 
will not blacken silver. It is insoluble in carbonated pota8h,*so- 
da, or ammonia.* • 

According to Mulder’s Analysis it is composed of, 4 
Carbon, . 54*005 

Hydrogen, . 7*270 

Azote, . • 15*456 

Oxygen, . 23*26^ • 

100*000t 

These numbers come sufficiently* near the various analyses of 
albumen from blood and eggs to show that all these suletances 
are isomeric. * • 

SECTION IIL-OP CASEIN. 

Milk is the well known liquid secreted by the.females of the 
whole class of mammalia to nourish their npw-bom offspring. 

’ The milk of the cow has been used, as a common article of food * 
from the earliest ages. Hence its appearance, its taste, {y;^d its 
nourishing properties are known to every person. 

Milk underwent a chemical examination from Neuman^ He 
ascertained the quantity of water which it contained, •and Dr 
Lewis showed that its boiling point was the same as that of wa¬ 
ter ; that it is coagulated by adds and also^ by alkalies. The 00- 

* Poggendorfs Antialen, xxxvii. 608. t Ibid. zl. 270. 
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aguliun by adds &]ls to the bottbm of the serumy^but that by al¬ 
kalies swims on the surface.* * 

Neumanifafsomade some experiments on a well-known 
preparation of curd* He'tried the action of water, nitric acid, 
splphuric acid, muriatic acid, and caustic alkalies, both fixed and 
* volatile; and foimd that they dissolved cheese dther partially or 
completely. ^ • 

Scheda examined milk ond^curds in 1780, and was the first 
person who comj^ared curds with coagulated white of egg. He 
showed that the properties of both were the samec Milk is coa- 
gulatdl by acids, and the coagulum formed is a compound of the 
aci(f employed and curd. The mineral acids when used in ex¬ 
cess dissolve a portion of the precipitate, but the vegetable acids 
dissolve little or nothing. .Hence tiie reason why more curd is 
obtained when milk is coa^lated by vegetable’*than by mineral 
acidaf 

The ^rst attempt to make a regular analysis of milk was by 
Parmentier and Deyeux, in a memoir which gained the prize of¬ 
fered by thp Society of Medicine of Paris, for the year 17904 
The^ chemists examined the curd of milk in considerable detail, 
and determined many of its pi*operties, though they did not ob¬ 
tain it in a iJtatfe of 4)urity. They distinguished it by the name 
of madere casesvse* * 

Fourcroy in his Systeme des Connoissances Chimiques, pub¬ 
lished about the beginning of the present century, gives a pretty 
detailed account of the curdy part of milk, chiefly taken from the 
Memoir bf Parmentier and Deyeux. He distinguishes it, as tJiese 
ehemists did, by the name of caseous matter*^ 

In 1808, the second volume of the Animal Chemistry of Ber¬ 
zelius was published in Stockholm. It contains an excellent 
analysis of milk, || ^d a detailed eexamination of the characters 
of the curdy portion, which he distinguishes by the name of ost^' 
(che^). He pointed out some difference in the characters of 

* Lewis’s Neumann’s Chemistry, p. 573. 

t Scheele’s Chemical Essays, p. 265. 

t See A abstract in Ann de Ghiro. vi. 163. The memoir itself was publish¬ 
ed in Paris in 1800. ^ 

§ Vo1 ix. p. 515 of the Engtish translation. 

II Fbrelassningor i Djuskbmier, ii. 409. 
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ost and albumito, which Scheeld had from hia obserTations pro¬ 
nounced identical. • 

I do not know who first applied to the cnrdy of milb the 
name casein. But it occurs in the 2?th voluhie of the Diction’- 
naire des Sciences Medicales^ published in 1818. The word cas^ 
us, applied to the sayie substance, is fbund in the Diciiomiaire de^ 
Chimie of Klaproth and Wolff, the French translation of which 
appeared in 1810. ^ ^ „ 

•Casein may be obtained from cow^smilk*by the following pro¬ 
cess: • 

Mix skimmed millf mth dilute sulphuric^ acid. The'casein 
and acid unite and precipitate in the state of a white curd. *Let 
the»curdbe collected on a filter, and well washed with trator to 
remove the whey which it Contains.* Thus cleaned, it is to be 
mixed with watdr and digested over* carbonate of barytes. The 
sulphuric acid unites with the barytes, while the casein set dl li¬ 
berty dissolves in the water. When this liquid is filtered to free 
it from the sulphate of baiytes and the excess of carbonate em¬ 
ployed, it has a pale yellow colour, and resembles in^consistence 
a solution of gum. When heated in an open vessel it emi^ the 
smell of boiling milk, and a wliitC pellicle forms on the surface, 
similar to that which is formed on the surface «f boiling milk. 
When the liquid *is evaporated to dryliess in a gentle beat we 
obtain the casein in the state of an amber-coloured mass, which 
is still soluble in water. The aqueous solution is coagulated by 
all acids, even by the acetic, especially w^hen assisted by heat 
This property distinguishes casein from albulhen; which last is 
not precipitated by acetic acid. • 

Braconnot assures us that casein obtained by the above process 
is not quite free from impurity. He recommends the following 
process as better. Take 400•parts of curd jjprmed by rennet^ < 
’ and well washed in boiling water tg get red of the whey. Mix • 
them with one part of bicarbonate of potash in crystals, ^d a 
sufficient quantity of water. Heat the mixture, an effervescence 
takes place, and the curd and alkali combine and dissolve in the 
water. When this solution is cautiously evaporated to»d^ness 
it constitutes the soluble casein of Braconnot, a substance which 
he recommends for a variety of useful pu^osea 

To obtain pure casein, dissolve a quantity of soluble casein 
in boiling water. Pour the solution into a funnel, having its 
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beak shut up, and let it remain at rest for 24 hours. A quan¬ 
tity of cream collects on the suj^dce, which is separated by allow¬ 
ing |he clear sdlution to pass through the funnel, retaining the 
cream. Pour into this clehr liqiiid a little sulphuric acid. A 
curdy precipitate falls, conasting of caScin combined with sul- 
^nuric acid. iWash this precipitate, heat it in water mixed with 
a very small quantity of carbonate of potasli, scarcely sufficient 
to ^dissolve all the matter. We obtain a mucilaginous liquid, 
which, w£ile still hot,' must be mixed witli its own bulk of alco¬ 
hol. No precipi^te should fall till 24 hours after the mixture. 
The precipitate consists of butter, sulphate of potash, and a por¬ 
tion‘o? casein. Lei; the liquid'be passed through a cloth. We 
obtain dt transparent liquid, which, when evaporated to dryness, 
leaves pure casein.* ^ 

JWhen ^he aqueous solution of casein is left tc itself it gradu¬ 
ally alters, gives out the smell of old cheese, and becomes ammo- 
niaml. 

When alcohol is poured upon casein, dried in a low heat, it 
becomes opaque, and assumes the aspect of coagulated albumen. 
The ^cohol abstracts the water with wliich it was united, and 
thus occasions the alterations. At the same time the alcohol 
dissolves a portion of the easein, which remains when the alco¬ 
holic liquid is evaporated to dryness. Casein Is still more solu¬ 
ble in boiling alcohol. The excess precipitates as the liquid cools. 
By tills solution the characters of the casein arc not in the least 
altered. 

Anhydrous casein, or casein digested or dissolved by alcohol, 
swells in water, and gradually dissolves into a mucilaginous fro¬ 
thy mass, which becomes transparent and liquid when heated, 
and then assumes the original characters of casein dissolved in 
water. 

Acids act upon casein very nearly as upon albumen. With 
a little acid it forms a compound soluble in water; but when 
the quantity of that acid is increased, the compound becomes 
littie soluble. By washing with water we may remove this excess, 
and thus render it again soluble in water. The precipitate by 
acetic‘acid may be again dissolved. But much more acid is ne¬ 
cessary for that purpose than is required for albumen or iibriu. 
Solutions of casein in* acids are precipitated by prus^te of po- 


Ann, de Cbim. et de Pbys. liii. $48. 
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tash. But phosphoric and arseflious acid, according to Bracon- 
not, do not precipitate casein, though, when we add prossiate 
of potash to a solution of casein containing pho^horic acid, a 
copious precipitate falls.* Alcoholic*solutionl of casein are not 
precipitated by acids. And alcohol dissolved readily the pre(j- 
.pitates thrown down Jrom water by^aCMls. • • 

Casein combines vrith th*e alkalies without undergoing any al¬ 
teration, unless the alkaline solutions be concdlitrate^nd l)pat 
be applied. In that case the solution becoincs brown, ammonia 
is given out, and an alkaline sulphuret is formed. 

Casein combines with the alkaline earths. ^ If the quantity of 
earth be small, the^jompound is soluble, and the earth is not*pre¬ 
cipitated by exposure to th( air, or by passing through tfie liquid 
a current of carbonic acid gas. Indeed casein, as extracted from 
milk, appears t<J contain caseate of Mme. When casejn is placed 
in contact with an excess of hydrate of lime, a bulky compound 
is formed very little soluble in water. When this compound is 
boiled in water, the caseiif is gradually d^omposed. Arkind of 
extractive, soluble in water, is formed, from which oxalic acid pre¬ 
cipitates lime. ^ 

If we heat sugar with a concefitrated solution of casein, it loses 
its consistence and becomes very fluid. Bqt if •wS increase the 
quantity of sugdr considerably, the tasein separates in curdy 
masses or clots. But when washed these clots again dissolve in 
water. Wlien casein is mixed viith gum-arabic, it loses its solu¬ 
bility entirely; owing, in the opinion of Bracoiinot, to a free acid 
and earthy salts contained in the gum. • • 

Solution of casein in water is precipitated by all the eartl^ 
and metallic salts capable of precipitating uncoagulated albumen. 
Tannin throws it down both from its aqueous and alcoholic so¬ 
lution. • ^ » 

Like albumen it is capable of existing in two states, uncoagu-* 
lated and coagulated. The characters of uncoagulated casein 
have been given. We must now state the properties of coagu¬ 
lated casein. 

For coagulation it requires the boiling temperature nr rennet. 
Wlicn^an aqueous solution of casein or skimmed milk is mixed 
with rennet and gently heated, coagulation takes place. Rennet 
is formed by digesting the innermost me*mbrane of a calfs sto- 


* Ann. de Chitn. et de Pbys. liii 344. 
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mach in cold water. A small i|iiantity of a pecaliar substance 
is disaolyed, to wbicb the namj^ pepsin baa been given, because it 
haSrtbe extraordinary property of dissolving food and converting 
it, into chyme in the stomach of living animals. A very minute 
quantity of pepsin is sufficient to coagulate a great quanti^ of 
*milk. Berzelius evaporated a quantity of rennet ..to dryness in 
a gentle heat. He mixed one part of the dry residue with 1800 
P^rts of,milk, and heated the whole to 122^. The whole casein 
was so completely coagulated, that scarcely a trace of it copld 
be detected in the whey. The dry rennet beings separated was 
found' to weigh 0*96. So that one part of pepsin coagulated 
45000 parts of milk.* 

Coagulated casein, when pure and dried, is hard, translucent, 
and yellowish.. Unless it be well fr'3ed from all traces of butter, 
it,h^ ^ resinous lustre. This may be removed by digesting the 
coagulated casein in ether, which dissolves the butter without al> 
tering ^he casein. When put into water it softens and swells; 
but does not dissolve. When strongly heated before it has been 
quite dried, it is rendered soft without melting, and becomes 
elastic like caoutchouc. If the temperature be increased, it 
swells, melts and burns with flame. The products obtained when 
it is distilled are the same as those given by albumen. The com¬ 
pounds of coagulated casein with acids and alrkalies are similar 
to those of uncoagulated albumen with the same bodies. But 
when the acid is withdrawn bj means of omrbonate of barytes or 
carbonate of lime, the casein does not dissolve in water, as hap¬ 
pens with uncoagulated casein. 

« Coagulated casein (or cheese, as it is called in common lan¬ 
guage,) is soluble in concentrated sulphuric acid, from which it 
is precipitated by water. It dissolves in nitric add of 1 *29, to 
which it communicates a yellow colour. Muriatic acid dissolves 
. it very slowly, requiring to be continued for several days. The 
solution, like that of albumen and fibrin, becomes blu^ if the 
temperature has exceeded 60*. By degrees the colour changes 
to a dirty violet. When the acid is saturated with potash, the 
coloifr disappears, and the cheese is precipitated greyish-white. 
With concentrated acetic add it forms a jelly, and dissolves when 
we add water and apply heat. But a great deal of add is neces¬ 
sary. It is very solulfie in the hydrates and in the carbonates of 


* Traiti de Chimie, vii. 601. 
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potash and soda, when diluted witfi water and cofd. Caustic 
ammonia dissolves it very slowly ^and imperfectly. 

When cheese coagulated by rennet is burnt, It deaves 6L per 
cent of subsesqm-phosphate of lime, hnd halfw. per cent of caiis~ 
tic lime, which had been in combination with the casein in the 
milk. . • . . . 

When cheese is long kfept, it undergoes peculiar alterations, 
which have been investigated by Braconnot** He mixed 1^70 
gl^ammes of skim-milk cheese with a litre %f water, a^d left: the 
mixture a moi^th to putrefy,at a temperature befween 68^and 77®. 
The greatest part of dhe cheese dissolved, and the solution was 
separated from the<undissolved pibrtion by filtration. It%ad a 
pilti^’id smell, without anything sulphureous. Being e^porated 
to the consistence of honey, it gradually congealed into a gra¬ 
nular mass. Alcohol dissolved a portion of this mat^, and ]eft 
a portion untouched. • 

The undissolved portion was dissolved in water and. treated 
with animal charcoal, whieh deprived it ofits colour. Be^g how 
left to spontaneous evaporation, it gave small brilliant crystalline 
vegetations, and fine needle-form crystals, constituting cauliflower 
rings round the borders of the liquid. To obtain tins substance- 
white, it was necessary to dissolve and crystallize it several times. 
Braconnot distinguished this substanoe by the name of apo^ 
pedin,^ Proust had previously culled it caseic oxide. Its 
properties have been already defied in a former part of this 
volume. The first attempt to analyze casein was made by The- 
nard and Gay-Lussac. The casein which tiicy employed was 
obtained by spontaneous coagulation. It was washed thorough]^ 
with water, and then dried and pulverized. It was then burnt 
with chlorate of potash, and the quantity of carbonic acid, &c. ob¬ 
tained, determined from whi^h the constituentsVere inferred.^ « 
Mulder has shown that its base is protein, and that it consists of^ 
ten atoms of protein united to one atom of sulphur, or 10 
(C*® Az® O^) -p S. Dr Scherer also subjected it toUnaly- 
Bia§ Milk was mixed with twice its bulk of alcohol; and the 
coagulum was boiled repeatedly in alcohol and ether. jVfien all 
the butter was removed, the coagulum was boiled in water to se* 

* Ann. de Chim. et de Phys. xxxvi. 159. , 

t From ttvp and vumittif putrtfactioH. 

t Rechercbes Physico-Cbimiques, ii. 892. § Ann. der Pbarm. xl. 40. 
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parate the sugar of milk. It wito then dried at 212*. Its con¬ 
stituents were, 

r ^ " Carbon, . 64-825 

* Hydrogen, . 7*153 

^ Azote, . 1*6-628 

■ • • 


100-000 

Several other analyses gave nearly the same result. 


• ^ SECTION IV.—OF FIBBIN FROM BL<X>D. 

When the crassamentum of blood is put into a linen cloth, 
and carefully washed till all the red colouring matter is remov- 
edf the sujistance which remains has a fibrous texture, and is, oo 
tha<! account, distinguished by the name of Jihriru This name 
seems to have been imposed by Fourcroy and Vauquelin; at 
least 1 have not observed it in the writings of any earlier chemist 
It was long the opinion of physiologists, that the globules of 
the blood consisted of a nucleus of fibrin enclosed in a vesicle of 
colouring matter. Hence it iras supposed was the reason why 
it exists in the crassamentum. But later observations have con¬ 
siderably modified this opinion. Piorry and S’cclles de Monde- 
zert have remarked, that, if we cautiously and rapidly remove the 
serum which floats on the crai^menturo, we will frequently find 
it become opaline and muddy, and finally covered with a skin 
analogOTSs, if not identical with fibrin.* According to Muller, 
if we amputate the thigh of a firog, and after mixing the bl(X)d 
that flows out with an equal quantity of water, holding sugar in 
solution, throw the whole upon a moistened filter, the red glo¬ 
bules, which are very large in that animal, are retained upon the 
^ filter, while a colourless and cleai- liquid passes through. In this 
liquid, a coagulum of fibrin speedily appears. 

From these facts, there seems no reason to doubt, that the 
fibrin exists in tbe serum of blood as well as the albumen, and 
that ihe^globules consist of the red-colouring matter, and a white 
insoluble substance analogous to coagulated albumen or fibrin. 
Indeed, Lecanu has shown, by numerous experiments, that the 


* Lecanu, Etudes Chimiques but 1« Sang Humain, p. 43. 
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globules consist of three distinct^ substances, namely, ^ematosin, 

* albumen, and dbrin.* * 

* • 

Fibrin may be procured likewise from themusdeaof anin^s. 
Mr Hatchett cut a quantity of lean beef into small pieces, and 
macerated it in water for fifteen days, changing the water every 
day, and subjecting the fabef to pressjire at the san^p time, in or- < 
der ta squeeze oqt the waster. The •shreds of muscle, which 
amounted to about three pounds, were now boiled for five homrs eveigr 
day^ for three weeks in six quarts bf fresh wtiter, whicK^as re* 
gularly changed every day. The fibrous j4rt now subject¬ 
ed to pressure, and th^ dried on the water-bath. In this state, 
it possessed the characters of fibrin.*f * • • 

It^is very difficult to free the fibrin of blood completely from 
hematosin. The easiest way is to stir new-drawn ox-blood 
rapidly with *a stick. The fibrin adheres to the stick. Let it 1^ 
taken off, and washed in cold water till that liquid ceases to ke 
coloured by it Tlien steep it in water for twenty-four hours, 
washing it frequently and carefully during that time. Fipally, 
let it be digested in alcohol, or still better in ether, to separate 
a fatty matter which it still contains. 

Fibrin, when dried, assumes a •dirty-yellow colour, and be¬ 
comes hard and brittle, but continues opaque. When put into 
water, it imbibes that liquid, and recovers its original appear¬ 
ance, and nearly its original weight It has neither taste nor 
smell. When heated, it does not ^Itcr till it reaches the point 
of decomposition. It then melts, swells greatly, catches fire, 
and burns with a yellow flame, giving out muth smoker It is 
insoluble in water, whether cold or hot When boiled in that « 
liquid, it contracts and becomes at last extremely friable. The 
water becomes muddy, and if we evaporate it to dryness, we ob¬ 
tain a solid, brittle, yellow substance, having the smell of boiled 
meat, and soluble in water. This substance does not assume tbe 
form of a jelly, and is precipitated by tannin in insulated flocks, 
which do not unite into an elastic mass like tannate of gela^n. 

Fibrin, like albumen and casein, possesses both the characters 
of an acid and a base. The concentrated acids cause it touswell, 
and to become gelatinous and transparent. With sulphuric acid, 
it swells into a yellow jelly, but does not di^lve. Heat is evolv- 

* Lecanu, Etudes Chimiques sur le Sang Humain, p. 5. 

f Phil. Trans. 1600, p. 327. 

N 
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ed, and, unless the temperature' is kept down, sulphurous acid is 
disengaged, and the fibrin bec^omes black. When the acid is di** 
lute, or wh^n 'water is poured on the jelly, the fibrin suddenly 
contracts to less than its bridal bulk. This contracted mass is 
^ compound of sulphuric acid and fibrin. When it is collected 
on a filter, and washed with water, it becomes transparent and 
gelatinous, and at last dissolves coihpletely in water. This so- 
bible matter is a neutral compound of sulphuric acid and fibrin. 
The addition of sulphuric acid renders it insoluble as at first 
Nitric acid gives fibrin a yellow colour. W^ien cold and di¬ 
lute^ 'it forms two compounds with fibrin, as sulphuric acid does, 
and having the same characters. But when heat is applied, and 
the acid is strong, azotic gas is ^vpn out, the acid becomes^ yel¬ 
low, and the fibrin is converted into a yellow or orange mass, 
which does not dissolve in water. This substance was first de¬ 
scribed by Fourcroy under the name of yellow acid, 

^ Pyl*ophosphoric acid produces with fibrin the same phenomena 
as sulphuric acid. With common phosphoric acid, fibrin does 
not swell into a jelly, but forms a compound soluble in water, and 
noti precipitated by an excess of acid. 

In concentrated acetic acid fibrin becomes immediately soft 
and transparent, «and, with the assistance of heat, is converted 
into a tremulous jellj?. By adding hot water, this jelly is 
completely dissolved with the evolution of a small quantity of 
azotic gas. The solution i» colourless, and has a mawkish and 
slightly acid taste. During its evaporation a transparent mem¬ 
brane 'appears oh the surface, and after a certain degree of con¬ 
centration the gelatinous substance is again reproduced. When 
completely dried it is a transparent mass which reddens litmus- 
paper, but i^ insoluble in water without a fresh addition of acetic 
acid. When forrocyanate of potash, an alkali, or sulphuric, ni¬ 
tric, or muriatic acid is dropped into this solution a white preci¬ 
pitate falls. The acid precipitate is a compound of fibrin and the 
acid. If it be washed a certain portion of acid holding fibrin 
in,solution is carried off, and the remainder is soluble in water. 
Tlus tolution contains a neutral compound of the acid and fibrin. 
The addition of a little more of the acid causes it to precipitate 
again. * 

O i 

* Berzelius, Annals of Philosophy, ii. 20. 
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In weak mufiatic add fibrin* ahrinks and gives out a small 
* quantity of azotic gas; butscarcely any porti<m is dissolved even 
by boiling; nor does the acid liquid aiSbrd any prmptate with 
ammonia or ferrocyanate of potash. The fibrin thus treated is hard 
and shrivelled. When repeatedly washed with water it is at last 
converted into a gelatinous mass, whidh is perfectly soluble in 
warm*water. Tho solution reddens litmusHpaper, and yields a 
precipitate with acids as well a|i alkalies. Fibrin, tl^refore, 
combines with muriatic acid in two propor^ns.^ The one gives 
a neutral compound soluble in water, the other with an excess of 
acid is insoluble, but becomes soluble by the petion of pur^wa* 
ter.* • 

In caustic alkali fibrin increases in bulk, becomes tran^iarent 
and gelatinous, and at lengthtis completely dissolved. The solu¬ 
tion is yellow with a shade of green. 'Acids occasion iirit a pre¬ 
cipitate which gradually becomes confluent Alcohol occasions 
a precipitate in it Some alteration is produced upon the'fibrjn 
by the alkali, but nothing in*the least rimUar to a soap is forfiaedf 
Ammonia behaves with fibrin as potash does, only the action 
is slower. m 

When sulphate of soda or nitrate of potash is put into blood, 
it is prevented from coagulating, and of couiwe the hbrin does 
not separate. * * 

Fibrin possesses exactly the characters of coagulated albumen. 
Fibrin from blood was analyzed by Gay Lussae and The- 
nard,J by Michaelis,§and more recently by Mulder(j and Vogel.f 
The following table exhibits the result of these analyses :* 


Gay LuBsac 

MichaelUu 



and Thenard. 

Arterial. 

Venous. 

Mulder. 

Vogel 

Carbon, 53*360 

51*374 

50*440 

53*328 

51*76 

Hydrogen, 7 021 

7*254 

8*228 

6*830 

• 7-09 

Aiote, . 1^934 

17*587 

17*267 

15*465 • 

18*05< 

Oxygen, 1^685 

23*785 

24*065i 

24*377 

23*10 

lOO-OGO 

100 000 

100*000 

100000 

100*00 

* Berzelius, Annals of Philosophy, 

ii. 20. 

t Ibid. 



^ Recherches Pbydco-chiiniques, ii. ft28. 

$ Di8$. de partib. conatitut. aanguin. arteriosi et venosi. 

U PoggendorTs Anniden, xl. 255. q Jour, de Pbunnade, xxv. 587. 

** Varrentrapp and Will obtained 16 02 percent ofhzote.—Ann. der Pbarin 
xxxix. 292. 
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The differences between thestf results are considerable, proba¬ 
bly depending upon the presence of some foreign matter. The 
metn of the* five is as follows: 

‘Carbon,* . 52-05 

• Hydrogen, g 7*28 

• A 20 te, * ' . ^ , 17*66 r 

Oxygen, . . 2S-51 * 

. \ 100*00 

Be/ore we can draw any conclusion from these analyses we 
must know the atomic weight of fibrin. * Berzelius made some 
experiments to show that its atomic weight* may be determined, 
but has stated no numerical results/ Mulder made several salts 
of fibrin and subjected them to anaSysis. It will be worth while 
tft^state tile results which lie obtained. * 

1. Fibrate of copper ,—When sulphate of copper is added to a 
solution of fibrin in paustic potash, ^rccn fiocks of fibrate of cop¬ 
per pVecipitate. This salt being analyzed gave, 

•Fibrin, . 798 or 64-35 = 1 atom. 

• Oxide of copper, 62 or 5- =1 atom. 

3. Subsesquii/ibrate of lea ^.—It was obtained by mixing sub¬ 
acetate of lead with fibrate of potash. It was composed of, 
Fibrin, . * 38331 or 63.896r = 1 atom. 

Oxide of lead, 5599 or 21* = 1^ atom. 

3. Fihrnte of silver .—^It wlls prepared by dissolving fibrin in 
acetic acid and jnixing the solution with nitrate of silver. It 
was composed of. 

Fibrin, . 6984 or 62*52 = 1 atom. 

Oxide of silver, 403 or 3*625 = atom. 

The mean atomic weight of fibrin deduced from these three 
analyses is 63*588. * 

4. Mulder passed a cu»rent of dry muriatic \cid over dry 

fiblin, till no more absorption took place, and then passed through 
the apparatus a current of dry air till muriatic acid fumes no 
longer made their appearance. 1112 of fibrin by this treat¬ 
ment increased in weight 80. Hence the muriate of fibrin was 
composed of, , 

Muriatic«acid, 80 or 4*625 =: 1 atom. 

Fibrin, . 1112 or 64*287 = 1 atom. 

The mean of all these analyses gives us 63.76 for the atomic 
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weight of fibrin,* or rather protein. Now the numbers which 
agree best with the mean of the {(palyses, and with the atomic 
weight deduced from the experiments of Mulder, afe the follosir- 
ing: • • 

45 atoms carbon, . •= 33*75 or per cent 52*03 

38 atoms hydrogen, = ... • 7*32 

6|-atoms azote, .* =11*375 ... 17*53 

15 atoms oxygen, . = 15*00 ... • 23*12 , 

^ 

. 64-875 ' 100-00 

More lately Mulder has endeavoured to determine the qlian- 
tity of sulphur and phosphorus which occurs in fibrin. TS^ 
two aibstanccs he considers ais combined and forming a sttlphu- 
ret of phosphorus. By an ultimate ai^lysis of fibrin he got, 

Carbon, , • 54*56 . • 

Hydrogen, .6*90 • 

Azote, . 17*72 • 

Oxygen,* . 22*l3 / 

Phosphorus, 0*33 

Sulphur, . 0*36 ^ 

102*00t 

He represents thb constitution by 10 H*^ Az® PhS. 

Calculating from this, we get, 

400 carbon, . = 300* or per cent 54*52 

310 hydrogen, -= 38*75 ... 7*04 

50 azote, . = 87*5 ... * 16*90 • 

120 oxygen, . =120*0 ... 21*35 

1 phosphorus, = 2* ... 0*36 

1 sulphur, =s 2* ... ^0*36 

• 550*^5 

Fibrin from venous human blood was purified by Dr Scherer,f 
and subjected to various ultimate analyses; being bumtsometimes 
with oxide of copper, but in four out of six analyses by chromate 
of lead. The following is the mean result of these six analyses; 

Ann. der Phnr m. xxviii. 74. 


f Ibid. xl. 33. 
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Carbon, . 

^54*393 

Hydrogep, 

6*963 

Azote, 

15-783 

Oxygen, 


Sulphur, > 

22*861 

Phosphorus ,) 



L 


. . 100 * 

Numbers which a^^'ree exceedingly well with the result of 

Mulder’s analyses. We may therefore conclude that fibrin is a 

com^und of ten atoms protein, with one atom sulphur, and one 

atom phosphorus, or 10 (C" Az® 0“)' + S + Ph. 

* 

SECTION V,-^F FIBUIN FROM SILK. 

« This species of fibrin hds been examined with much ingenuity 
ahd skill by M. Mulder.* Haw rilk was boiled successively in 
water, alcohol, ether, and acetic acid, till every thing soluble in 
these liquids was removed; what remained was considered as 
JfbrirL Ii^ yellow raw silk it amounted to 53*37, and in white raw 
sikV to 54*04 per cent. 

Its colour is white, but it ibmuch softer and more brittle than 
natural raW rilk, and has much less coherence. So that a tuft of 
it breaks with the greatest facility into an infinite number of very 
minute threads, spreading out in every direction. Hence neither 
so beautiful nor so strong a fabric could be woven of it, as of raw 
silk in its natural state. 

It is'heavier tlmn water. When burnt it emits the smell of horn. 

* When distilled it gives much carbonate of ammonia, empyreu- 
matic oil, and water, and leaves a bulky charcoal. When thrown 
upon a red ]iot plate of iron it melts, or at least becomes soft, 
swells out, and l>um8 with a lig^t blue flame, and leaves a bulky 
charcoal. , 

Ji is insoluble in water, alcohol, ether, and acetic acid. It is 
equally insoluble in fat and volatile oils. It dissolves immedi¬ 
ately in concentrated sulphuric acid at the common temperature 
of the atmosphere, forming a light brown diiok solution. Wlicn 
heated it becomes first of a beautiful red, then of a Iprown, and 
finally of a black colour, while sulphurous acid is given off. 
From this solution it is not thrown down by water. But when 


' Poggendorf's AniiHlen, xxxvii. 603, Hiid xl. 266. 
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infusion of nutgalis is added an«abundant white precipitate sepa¬ 
rates. When the solution is dili](^ with water this matter falls 
like a jelly to the bottom, hut is again dissolved by agitation. 
When potash is added white flocks fall down, but they are again 
dissolved, when a great excess of potash is added. ^ 

Fihrin of alk is soluble in muriajtio acid at the*common tem-^ 
perattire. When*heat is applied the dolour becomes brown. It 
is soluble in nitric acid at the common temperature of the at¬ 
mosphere, with the exception of a few flo<^s, which reiflain un¬ 
dissolved. When heat is applied to the solution oxalic acid is, 
formed. In phosphonc and pyrophosphoric acids it is initoluble 
at the common temperature of the* atmosphere, but dissolv& rea¬ 
dily when the action of thefu:id is assisted by heat s' 

In weak potash ley it remains unaltered, but awhen the ley is 
strong the fibriif dissolves in it by the assistance of heat Qn 
adding water to the solution the flbrin separates in flocks. Shd- 
phuric acid also throws itjdown in minute threads. It* is very 
remarkable that when this Hbrin is precipi^ted from its solutions 
it always assumes the form of minute threads. When mixed 
with dry caustic potash aud heated while the mixture is kn^^ed 
together {unter kneten), it is conferted into oxalic acid/ as Gay 
Lussac had already observed to have been tl^e case teith silk. 

It is insoluble hi carbonate of potaslFand in liquid ammonia. 
When fibrin of silk is burnt in a platinum crucible a consi¬ 
derable quantity of salt remains behind, which cannot be sepa¬ 
rated from the fibrin till its texture is destroyed. This ash is 
partly soluble in water, and the solution reacts weakly us an al¬ 
kali, When muriatic acid was poured upon it^ an eflervescenc® 
took place, and the whole was dissolved except a little silica. 
The solution contained lime, iron, magnesia and^ soda; manga¬ 
nese, common salt, phosphoric»acid, and sulplpiric acid. 

• Mulder subjected this fibrin to ayalysi^ and obtained,* « 


Carbon, 

47-99 

Hydrogen, 

6-57 

Azote, 

17-35 

Oxygen, 

28-09 


100. 

• 


Poggeiidorf's Aiinalcn, xl. 266. 
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Mulder found that muriatic afid, combined with the fibrin of 
silk, so as to form a compound of, 

• Muriatic acid, . 6*962 or 4*625 

Fibrin, . ' . 93*038 or 61*671 

If the two are combined atom to atom, ^e atomic weight will be 
*61*671, and the fibrin will conrist of, 

38 atoms carbon, . = 28*5 or per cent. 47*60 

r 31 atoms hydrogen, z= 3.875 ... 6*47 

^ atoms gsot^ . = 10*500 ... 17*54 .> 

17 atoms oxygen, . = 17*000 ... » 28*39 

i _ 

59*875 100 

Suppiosing fibrin of silk to be p\u*j, and Mulder’s analysis ac¬ 
curate, it obviously difiers in its Composition from the fibrin 
of blood. - But the subject is too obscure to warrant any infe¬ 
rences. 

^ SECTION VL-OF RICOTTIN. 

This is a name given (ricotta) by the Italians to a substance 
whish exists in milk, but is not separated from the whey by ren¬ 
net. In Switzerland it goes by the name of zieger, and in the 
Vosges by that oiJbracotte, It has been examined by Schubler, 
and is considered by him as intermediate between casein and al¬ 
bumen. * 

It may be obtained in the following manner:—Coagulate milk 
by rennet and separate the whey. Raise the temperature of this 
whey (after it has been filtered) to 167®, and mix it with acetic 
*acid. A new coagulation takes place, and the ricottin is preci¬ 
pitated. In Switzerland it is manufactured into a poor cheese, 
whicli is said j:o be used in that country as food for cattle. 

The characters of this substance, as given by Schubler, re¬ 
semble so closely those of casein, that we can scarcely hesitate i 
adapting the opinion of L. Gmelin, that ricottin is nothing else 
than uncoagulated casein united to acetic acid. 

Ricottin, in its fresh state, contains 84*4 per cent, of water. It 
is a white, slimy, mucilaginous substance, very similar to albu¬ 
men, not thready, and it has a specific gravity of 1 *055.. Its taste 
is that of albumen ipixed with tallow. When dried it becomes 

* Scliubler, as quoted by L. Gmelin, llandbucb der Tbeoretiseben Chemie, 
ii. 1078. 
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, greyish-white, opaque, without histre, hard, friable, and has a 
specific gravity of 1*355. And when again moistened with wa¬ 
ter, acquires the taste and smell of soap. The action of reag^ts 
on it is*the same as on casein. * * 


CHAPTER II. 

OF GELATIN. 

The term gelatin Vas introduced into chemistry to denote* jhie, 
when deprived by a chemical process of all its impuritieSL* The 
name was contrived to point out th^ characteristic property of 
pure glue. Wh5n put into water it dwells up into a hqlky g^- 
tinous substance, but does not dissolve. When this jelly is hdht- 
ed up to 93® it dissolves in the water; but the whole solution 
assumes the form of a jelly when it is allowed to cool. /It fias 
been shown by M. J. Muller that there are two species of gela¬ 
tin,—one winch is not precipitated from its aqueous solutiog by 
the addition of acetic acid, while aSetic acid precipitates tHe whole 
of the second species. As it is necessary to d^tinguish these two 
species from each* other, the first, which is obtained by boiling 
skins and bones in water, is called common gelatin, or we may 
give it the shorter appellation of*coZ/Mi.* The second species, 
which is obtained by boiling the permanent cartilages, has been 
called chondrin by Muller. We shall describe these two species 
ill succession. • 

" SECTION 1.—-COMMON GELATIN OR COLLIN. 

Grlue was well known to the ancients, and js said by Pliny to 
' have been first made by Daedalus, vjho lived in the time of Solo- < 
mon, or about 1000 years before the commencement of the 
Christian era. It was applied by the ancients to the same pur¬ 
poses for which it is used by the moderns. In this country it is 
made from the clippings or parings of the skins of oxen,dor other 
lafge and full-grown animals. They are boiled in fresh water 
till they are dissolved, and the liquid begins to get thick. It is 


• From ftoKKc, glue. 
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then strained through baskets tocfeparatethe undissolved portions^ 
suffered to settle} and then farmer evaporated till, <m being pour¬ 
ed into flat •moulds, it concretes on cooling into solid gelatinous 
cakes, which are cut in pieces, and dried on a kind of mUt. In 
France and Germany glue is made by boiling bones. Some 
years ago Mr, Yardley of Q^mberweirtook out a patent for ex¬ 
tracting glue from triturated bones, and contrived an ingenious 
apparatus for the purpose. It is commonly believed that glue, 
from ox hides, is stf inger than that from bones. I have never 
had an opportunity oi comparing them together,, so as to enable 
me to'judge of the validity of this opinion. 

Glue consists chiefly of gehitin ; mixed, however, with various 
impuriti^ which may be removed m the following mannen:— 
Put the glue into cold water. It gradually absorbs moisture, 
a^d swells into a tremulous jelly, but does noi, dissolve. Pour 
ofl^this cold water once in twenty-four homr^ and substitute a 
new portion in its place till the liquid ceases to dissolve any thing 
irdm the glue. Let it be now broken in pieces, and suspended 
in a cloth in a great quantity of water of the temperature of about 
60®.^ Any tiung still soluble will be taken up by the water, and 
the glu8 left nearly pure. If^^e now take this jelly and heat it 
to 122% it \^ill become liquid, and may be passed through a cloth 
or a filter, leaving behind it any coagulated albumen and mucus 
which it may ha^e contained. On cooling it again assumes the 
form of a jelly, which may dried in a low heat. It is now 
pure gelatin or coUin, 

Collin thus obtained is colourless, transparent, hard, and ex- 
tceedingly cohesive. It is insipid, and has no smell. When 
thrown into water it swells very much, and is converted into a 
tremulous jelly ; but none of it dissolves. This tremulous jelly 
becomes liquia when heated up to 93®, and again asan mes the 
gelatinous form on cooling. 

From the experiments of Dr Bostock, we learn, that when one 
parTof isinglass (which is nearly pure gelatin) is dissolved in 
] 00 parts of hot water, the solution on cooling is wholly convert¬ 
ed intoia jelly. But one part of isinglass, in 150 parts of water, 
does not become concrete; though the solution is to a certain ^le- 
gree gelatinous.® 

• Nicholson’s Jour. xi. 2.W. 
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Dry gelatizf undergoes no cl^nge when kept; but in the ge* 
latinous state, or when dissolved in water, it very soon putrefies; 
an add makes its appearance in the first place (Jprobably the 
acetic,) a fetid odour is exhaled, and afbeiwards ammonia is 
formed , * , 

When dr^f gelatin is exposed to he&t, it whiten^ curls up lik^ 
horn* then blackefis, and gradually consumes to a coal; but tre¬ 
mulous gelatin first melt^ assumjng a black colour. When dis- 
tiHed, iv yields, like most animal substanc^ a jvatery liquid im¬ 
pregnated with ammonia, and a fetid empyreumatic oil; leaving 
a bulky charcoal of difficult incineration. ^ nou^ns a 

very combustible substance. 

Collin is not sensibly sollible in alcohol,* and when alcohol is 
poured into a warm concentrated solution, the whole gelatin coa¬ 
gulates into a white, coherent, elastic, and fibrous mass, which 
adheres strongly to glass, and gelatinizes in cold water, without 
dissolving. Collin is likewise insolublejn ether and in oils both 
fixed and volatile. •* 

When a current of chlorine gas is passed througli a solution 
of gelatin in water, a wlute solid matter collects on the sufiface, 
and whitish filaments swim throifgh the liquid. This solid mat¬ 
ter, when separated by the filter and purified, posse'sses the fol¬ 
lowing properties; its colour is white^ it is specifically lighter 
than water; it has little or no taste; when dried in the open air 
it falls to powder; it is not soluUc in boiling water; it dissolves 
in hot nitric and acetic acids, hut precipitates again as the solu¬ 
tion cools; when triturated with potash it emus the smdll of am¬ 
monia ; it does not affect vegetable hlues.t Bouillon La Grangfi, 
to whom we are indebted for these facti^ has given the gelatin 
thus altered the name of oxygenized gelatin. It h^s been recently 
examined by M. Muldcr.| • • ' 

* When a current of chlorine gas.is passed through a solution* 
of isinglass in lukewarm water, no change is apparent at^firsi. 
But in two or three minutes each bubble becomes surrounded 
with a white substance, which adheres gradually to the si^es of 
the vessel as a white, elastic, and very coherive substan<». This 

* |niT» gl<mK dissolves very well in rectified spirits. This property, together 
with want of colour, distinguishes it from common «ollin. 
f Bonillon IjB Orange, Nicholson's Jour. xiii. 209. 
t An^. dcr I’harm. xxxi. 332. 
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frothy-like substance increases fnore and more. The solution 
becomes muddy from a small quantity of white docks interposed 
through it, wliile a gelatinous translucent substance collects on 
the bottom of the*vessel. The frothy substance, according to 
lUulder, is a compound of four atoms pf collin, and one atom 
of chlorous acid, or 4 (C® Az* O®) + Cr O^. The white 
docks are composed of IP® Az^ CP + Gr The feela- 
iiitous substance at the bottom is 1^ (C^*^ H^® As? O®) + Cr CP. 

This chloride of coPin is insoluble in water and alcohol. It 
reacts as an acid, and this property cannot be destroyed by wash¬ 
ing if- jn warm water* It has also the smell of chlorine or rather 
of chlorpus acid. If we dissolve this chloride of collin by means 
of ammdnia, and put the solution intji a glass tube standing over 
mercury, azotic gas is slowly disengaged from it, and the whole 
becomes a* frothy mucus. If we evaporate the ammoniacal solu¬ 
tion to dryness over the water bath, and mix the dry residue with 
alcohol to extract a little sal-ammoniac which it contains, and 
then dry the precipitate, we get a transparent matter of a pale- 
yellow colour, which softens in water, melts when gently heated, 
and^elqjtinizes imperfectly on cooling. It dissolves in a great 
deal of water, and in its propeHies rather resembles gum than 
gelatin, but*reactives exhibit the same phenomena as with unal¬ 
tered collin. 

Chloride of collin becomes gelatinous in acedc acid, and dis¬ 
solves in it Water renders l5ie solution muddy, but prussiate 
of potash causes no precipitate, showing that no albumen has 
been formed. 

If we saturate the solution of chloride of collin with carbonate 
of potash, and evaporate, we get a mixture of chloride of potas¬ 
sium, and a small quantity of yellow matter.* 

So far as is known, neither bromine nor iodine have the pro¬ 
perty of combining with collin. 

When collin is digested with concentrated sulphuric acid, 
Braconnot has shown that it is converted into leucin, sugar of 
coIUk, and a substance containing less azote than collin does. 
Nitric abid, when (Bgested with collin, causes the disengagement 
of a little azotic acid gas, the collin is dissolved except an oily 
matter, which swims .on the surface, and converted partly into 


* Bur/.eli(i8, Triiitc de Chimie, vii. 706. 
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oxalic and maUc acids.* A quantity of artificial talbnin is also 
formed, and when the solution* is evaporated to dryness it de¬ 
tonates. • • 

Muriatic acid dissolves glue with great east. The solution is 
of a brown colour, and still continues strongly acid. It gra¬ 
dually lets faU a white powder. T^i& solution pi^ecipitates tad^ 
nin in great abundance frota water; and may he employed with 
advantage to detect tannin when an alkali conceals it 
^Concentrated acetic acid softens and gmdually dissolves col- 
lin. The solytion does not gelatinize, out fhe residue when 
dried still retains the 4 )ropcrties of collin. Dilute acids hIo not 
prevent collin from*gelatinizing (fti cooling, kcetic acid doHs not 
precipitate collin from its solutions. •* 

The fixed alkalies dissolve collin with facility, .especially when 
assisted by heat.* Dilute alkaline solutions added to liquid <^1- 
lin do not prevent it from gelatinizing. The earths, barytes, 
strontian, lime, and magnesia have no sensible action oy collin, 
at least they occasion no precipitate. • ^ • 

Collin combines with many salts. It dissolves a considerable 
quantity of newly precipitated phosphate of lime. *Alum does 
not occasion a precipitate in solution of collin; but if we add 
an alkaline ley to the mixture, a copious precipitate falls, consist¬ 
ing of collin combined with disulphate^of alumina. The preci- 
pibite resembles pure alumina: but if we heat it, we easily re¬ 
cognize the presence of animal mqtter. Persulphate of iron does 
not precipitate collin. But if we add to the persulphate enough 
of ammonia to give it a deep red colour, and then mU it with 
solution of collin, we obtain an abundant precipitate under thp 
form of a thick viscid, light-red clot 

Neither acetate nor diacetate of lead nor sulphate of alumina 
occasion any precipitate in sorption of collin. 

If we mix by degrees solution of collin with that of corrosive • 
sublimate, a muddiness is produced which soon disappears. 
This continues till we have added a certain quantity of th^ cor¬ 
rosive sublimate. If we now add an additional quantity of this 
reactive, the collin is thrown down under the form of a clot, 
which is coherent and very elastic.* Similar precipitations are 
obtained with nitrate of mercury and protochloride of tin. So¬ 
lutions of silver and gold do not precipitate collin; but when 

* Scheele; Crell’s Annals, ii. 17. English Trans, 
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the mixturbs are exposed lo the.8olar rays, a certain portion of 
the iwfttaia u reduced. Sulphate of platinum precipitates collin 
in brown vispid flocks, which l^ome black in drying, and may 
then be easily reduced to powder. Mr Sdmond Davy, to whom 
we owe the knowledge of this precipitate informs us that it is 
(j&mposed of ^ , 

Peroxide of platinum, 56*11 or 14^ 1 atom. 
Sulphuric acid, . 20*02 or 5=1 atom. 

” Collin and w^ter, . 23*87 

100*00 

V/iien the solution of tannin is dropped into collin, a copious 
white precipitate appears, which soon forms an elastic adhesive 
mass, not unlike vegetable gluten, ^his precipitate is composed 
of gelatin and tannin; it soon dries in the open.air, and forms a 
bri^ile resnnous-like substance, insoluble in water, capable of re* 
Easting .the greater number of chemical agents, and not suscepti* 
ble'of ]iutrefaction. It resembles exactly overtanned leather. The 
precipitate is soluble in the solution of gelatin, as Davy first ob¬ 
served. Neither is the whole tan thrown down, unless the solu¬ 
tion? both of tannin and gelatin be somewhat concentrated. 
Tremulous ^ gelatin, as was first observed by the same chemist, 
does not precipitate tann*n; but if we employ a solution of gela¬ 
tin so strong that it gelatinizes when cold, and heat it till it be¬ 
comes quite liquid, it answers Jbest of all for throwing down tan¬ 
nin. It is by this property of forming a white precipitate with 
tannin that gelatin is usually detected in animal fluids. It is not, 
however, a perfectly decisive test, as acumen is also thrown down 
by tannin. But collin is precipitated by tannin when in a much 
more dilute state than albumen. A solution of one part of col¬ 
lin in 5000 [mrts of water is s^ptibly precipitated by tannin. 

. When we mix a Hot concentrated liquid solution of collin with 
infusion of nutgalls, a whit^ curdy precipitate falls, which, if 
there be anaxcess of tamnin, forms a coherent elastic mass, which 
constitutes a horizontal layer on the bottom of the vesseL It is 
insolhb]^ in water and alcoholthough both of these liquids de¬ 
prive it of a little tannin. When dry, it is black, hard, brilliant, 
and breaks with a vitreous or rather resinous fracture. In water, 
it softens and assumed its original appearance. According to 
Davy, it is composed of 
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, Tannin, .* 4^ or 26*5 

Collin, . * 54 or 31*1 

• loe- 

According to Schiebel, 26*6 of tannin combine with 22*36 of 
collin, when JOO parts oT collin ar^ precipitated a great ei^ 
cess of infusion of i part ofhak-bark in 9 parts of water. When, 
on the contrary, we mix a Tery dilute solution ef oak-bark with 
a solution of collin, taking care hot to throw down the ^hole of 
the collin, we o})tain a precipitate, which is depSsited slowly, and 
can scarcely be separated by the filter. This precipitate is com¬ 
posed of, • • * • • 

. Tannin, |. 59*25 or 26*5 •• 

Collin, * IW* or 44*Z2 

It would seem from this that the first compound consosts^of 
an atom of collin united to an atom of tannin, and the second of 
two atoms of collin united to one atom of tannin. This would 
make the atomic weight o# collin, 22*36. • ^ * 

According to Mulder, neutral tannate of collin is composed of. 

Tannin, * 10 

Collin, « 13 

• . 23* 

The first attempt to analyze collin was made by Gay-Lussac 
and Thenard. They mixed it with chlorate of potash, and burnt 
the mixture, and determined the products.t l^e result was as 
follows; • • 

Carbon, . 47*881 • 

Hydrogen, . 7*914 

Azote, . 16*998 

Oxygen, , . 27*207 ^ 

100*000 

What prevents us from drawing a satisfactory conclusion from 
this analysis is our uncertainty about the purity of the collin, 
examine<L M. Mulder| has analyzed two specimens of ^llin, 
which he purified in tl^ollowing manner: The first specimen 

* Ann. der Pharm. xxxi. 124. f Recberchesf^hTsico-Chemiques, ii. 836. 

I PoggendorTs Aniiolen, xl 279. 
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was obtain^ by boiling pitfe bf^rtshorn in water^for two houns^ 
washing the jelly with alcohol,* and then with water. In this 
state, it left 5*406 per cent*of ashes; doubtless consisting of 
phosphate of lime, which it is well known collin has the property 
of dissolving. This specimen being subjected to analysis, was 
«fbund (abstracting the ashes) to be composed of, 

Carben, . * 50*04$ 

• Hydrogen, 6*560 

Azote, ' . 18*369 

' Oxygen, . 25 023 

' I ■ 

• ^ 100*000 

The'^cond specimen of collin apalyzed by Mulder was ^ob' 
tained by boilipg very pure isingla£^ for half an hour in water, 
evaporating the solution bylthe water-bath, washing it with alco¬ 
hol and then drying it by a steam-heat It contained 0*64 per 
cent of ashes; doubtless phosphate of lime. Its constituents 
were,, ' « 


Carbon, 

50*757 

Hydrogen, 

6*644 

Azote, c 

18*313 

Oxygen, 

» 

24*286 


100*000 


A specimen carefully preps^ed from isinglass was analyzed in 
Liebig’s laboratory by Dr Scherer.* He obtained, 

, Carbon, . 50*557 

r Hydrogen, . 6*903 

Aizote, . 18*790 

Oxygen, . 23*750 

' ' 100*000 
Four other analyses gave as'a mean, 

* Carbon, . 50*573 

Hydrogen, . 7*141 

* , Azote, . 18*458 

Oxygen, , 2|j528 

100 * 


• Ann. dfer Pbarm. xl. 46. 



COLLIN. 


f209 


.He gives as the^ormula for its }x>nstitution, C“ O'®. 

If we calculate from this formula, we get, 

48 carbon, = 36* or per cent. 49*83 * • 

41 hydrogen, = 5*125 *... t*12 

74 azote, ,= 13*125 ... 18*14 « 

18 oxygen, 18*000 24*91* 

72*25 100^)0 ^ • 

These numbers agree tolerably well with th% analyses; but 
they do not quite agree with the formula of Mulder, which will 
be given immediately. * Scherer’s formula, reduced to Muldqr’s 
numbers, would be, *0^^ H" Az® O® ; while Mulder’s is, 

H'® Az^ O*; thus differing fA)m Scherer’s by an atom of hydro- 
gen. • • 

If we double the formula for collinVe get, C* H®® Az'® O®®* 
If from these we subtract 2 protein, . C®® IF* Az’* O*^ 

There remains . . II'® Az®**0® 

This is equal to 3 (Az H®) -f- HO + or threc*atoms of 
ammonia, one atom of water, and eight of oxygen. ^ • 

Collin when dissolved in water and exposed to hea^; gr^ually 
niters in its properties. Berzelius put a quantity of glue in a ge> 
latinous state into a tottle, which was hermetically sealed. For six 
successive days it was kept ten hours at the temperature of 176°. 
During the remaining fourteen hour^it was left to cool. It assum> 
ed the form of a jelly less and less firm every-day. After the 
sixth day, it did not gelatinize at all. It was limpid and* slight¬ 
ly brownish. On opening the bottle, a little air entered. When * 
the liquid was evaporated, it left a transparent brownish mass so¬ 
luble in cold water.* A similar set of experimenta made by M. 
L. Gmelin had the same result* • 

Gelatin, like all other constituents«of animal bodies, is suscep¬ 
tible of numerous shades of variations in its properties, and»of 
course is divisible into an indefinite number of species. Several 
of these have been long known and manufactured for diffeient 
purposes: and many curious varieties have been pointed but by 
Hatchett-in his admirable Dissertations on Shell, Bone, and 
Zoophytes, published in the Philosophical transactions for 1797 
and 1800. The most important species are the following: 

• Trttit6 de Chimie. 
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Ghte ,—This well known sul^tance has been '‘long manufao^ 
tured in most countries^ and employed to cement pieces of wood 
together. It is extracted by water from animal substances, and 
differs in its qualities according to the substances employed. 
•Bones, muscles, ^ndons, ligaments, ijiembranes, and skins, all 
yield it; but the qualffy i# best wl^pn skins are employed; and 
those of old animals yield a much stronger' glue than those of 
young janimals. English ghje is considered as the best, owing 
to the care with which it is made. The parings of hides, pelts 
from furriers, the hoofs and cars of horses, oxen, calves, sheep, 
&q.^re the substances from which it is Extracted in Britain, and 
quantities of these substances arc imporled for the purpose. 
They are first digested in lime-w^atCr to clean them, then steeped 
in clean water, laid in a heap till the water runs off, and tlicn 
boiled in brass caldrons with pure wuter. T^ie impurities are 
slimmed off as they rise; and wlien the whole is dissolved, a lit- 
tlp afum or finely .powdered lime is thrown in. The. skim¬ 
ming having been continued for some time, the w’hole is strained 
through baskets, and allowed to settle. The clear liquid is gently 
poured back into the kettle, boiled a second time, and skimmed 
till it is reduced to the proper consistency. It is then poured 
into large framesy where it concretes on cooling into a jelly. It 
is cut by a spade into square cakes, which are again cut by 
means of a wire into thin slices; these slices are put into a kind 
of coarse network, and dried in the open air.* The best glue is 
extremely hard and brittle ; it has a dark brown colour, and an 
equal degree of transparency without black spots. When put 
into cold water, it swells very much, and becomes gelatinous, but 
does not dissolve. When glue is soluble in cold water, it is a 
proof that it.wants strength. Dry glue, according to Dr Bos- 
tock, contains 10^ per ceni. of ^.ater.f 

Size .—This substance differs from glue in being colourless 
a]?i more transparent It is manufactured in the same way, but 
with more care; cel skins, vellum, parchment, some kinds of 
whfte leather, and the skins of horses^ cats, rabbits, are the siib- 
staneds from which it is procured. It is commonly inferior to 
glue in strength. It b employed by paper-makers to give 

* Cleunell. See Johnson’s History of Animal^ Chemistry, i. 315. 

-t Nicholson’s Jour. xxiv. 7. 
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.strength to thA article, and likewise by linen-mannfactorers, 
gilders, polishers, painters, &c.* • , 

Isinglass. —This substance agrees with size in being transfla- 
rent, but it is much finer, and is therefore sometimes employed 
as an article of food. It ia prepared in Russia from the air-blad-« 
ders and soun*ds of difiereut kinds \>f fish which *occur in the 
mouths of large rivers; chiefly different species of Accipenser, as 
the Sturio stellatus. Huso ruthenusy and likewise the Siluris^lanigf 
Th^ bladder is taken from the fish, clean washed, the exterior 
membrane scpai^ted, cut lengthwise and formed into rolls^ and 
then dried in the open air. When, good, isinglass is of k \^pte 
colour, semitransparent, and dry. It dissolves in water with 
morrf difficidty than glue, prdbably because it is not formtd ori¬ 
ginally by solution. From th*c aiialysie of isinglass by Hatchett, 
we learn that it is almost completely convertible into gelatin ^ 
solution and boiling. Five hundred grains of it left by incine¬ 
ration 1*5 grain of phosphate of soda, mix^d wdth a little *j>h(^ 
phate of lime. • 

A coarse kind of isinglass is prepared from sea-wolves, por¬ 
poises, sharks, cuttle-fish, whales, and all fish without scalp^. 
head, tail, fins, &c. of these are boited in water, the liquid skim¬ 
med and filtered, and then concentrated by evaporation till it ge¬ 
latinizes on cooling. At that degree of concentration, it is cast 
on flat slabs and cut into tablets. This species is used for clari¬ 
fying, stiffening silk, making sticKing-plaster, and other pur¬ 
poses.! 


SECTION n.—OF CHONDRIN. 

When any of the permanent cartilages of the body,! those 
of the larynx, ribs, or joints, are boiled from twelve to eighteen 
hours in water, they dissolve mote or less completely, and when 
the solution is sufficiently concentrated, it gelatinizes precisely 
like coWn, and when dried constitutes a glue, which may be ustd 
for all the purposes to which common glue is applied. It is, 
therefore, a gelatin; but it differs from collin by several proper¬ 
ties first determined by M. J. Muller, who gave it the name of 
• 

* Clennell. See Johnson’s History of Animal Chemistry, i. 315. , 
f Fabric! us de Ichthyocolla, Jackson on British Isinglass, Phil. Trans, laiii. 
and Johnson’s Animal Chemistry, i. 231. 

I The cartilages of the ear and the eyelids excepted, which ^eld no gliie.in 
lorty>eight hours boiling. 
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t^umdrin ;* and in 1841 a set o^experiments, serving still farther. 
to charactenz^ it, was published by M. Vogel, Jun.t It may be 
disHngmshed by the following properties. 

1. It is less brojfm than collin. 

2. It is precipitated completely irom its aqueous solution by 

acetic acid. *The precipi|afc is in very fine flocks^ and gives the 
liquid a white Cj>lour. * It is not redissolved By an excess of acid; 
9ut if ^e neutralize the acid with carbonate of potash, the preci¬ 
pitate is again dissolved. Acetic acid is incapable of throvfing 
down, collin from its aqueous solution, or of rendering that solu*> 
tionsmuddy. • , * 

Vogel found that a similar precipitate was occasioned by most 
of the mineral acids and organic alids tried. To precipitate by 
sulphuric aci(f, we must employ a very small quantity of the acid, 
l^into hhlf-an-ounce of tlie solution of chondrin we dip a rod 
moistened with sulphuric acid diluted with six times its weight 
oC water, a precipitate falls. But tlje addition of a drop of the 
acid i'edissolves the precipitate. Sulphurous acid precipitates 
chondrin,*and the precipitate is not redissolved by adding an ex- 
ceft o^the acid. Nitric acid precipitates and readily dissolves 
chondrin., This is the case also with phosphoric acid, but pyro< 
phosphoric acid throws it down and an excess of the acid does 
not redissolve the precipitate. 

Phosphorous acid and fluoric acid precipitate chondrin, and the 
precipitate is redissolved by*an excess of the acids. A current 
of carbonic acidjong enough continued throws down the whole 
^ of the chondrin, and does not again redissolve it The precipi¬ 
tate is a carbonate of chondrin. 

The precipitates by arsenic, tartaric, oxalic, and dtric acids 
are not redissolved by an excess of these acids. 

3. The aqueous solution of chondrin is precipitated by alum, 
sulphate of alumina, acetate of lead, and persulphate of iron. 
These reagents have no action on the aqueous solution of collin. 
Alum mr sulphate of alumina occasions the greatest precipitate. 
It consists of white compact flocks, which speedily coalesce into 
balls.* The precipitate by acetate of lead or persulphate of iron 
is in larger or smaller flocks, according as the liquid is more or 
less concentrated. ,The addition of a small quantity of alum or 
sulphate of alumina is suffident to precipitate the whole chondrin 

* Po^eiidorfs Annalen, xzxviii. 804. f Jour, de Pbarm. xxxvii. 494. 
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. from its solutioti. The precipitate is insoluble in water, whether 
cold or hot; but an excess of alum or sulphate of alumina im* 
mediately dissolves it Hence, to precipitate chondrin completely 
by these reagents, we must add them cautiously, and drop by 
drop, to avoid any excess* The filtered liquor*will not gelatinize^ 
and contains fery little animal matter.*. * * 

The precipitate by alum or sulphate of alumina is not redis¬ 
solved by the addition of a little acetate of potash or of |oda, or 
of Common salt; but if a great quantity of these salts be added, 
the precipitate fe redissolved. 

The precipitate b^ acetate of Icqd is not redissolved by a|i,ex- 
cess of the reagent. The precipitate by persulphate of jron is 
abuhdant and bulky. It is%iot redhssolved by an excess of the 
reagent unless we apply heat, in which case solution takes place. 

4. If to a solution of chondrin wc add muriatic acid in vefy 
minute quantity, not more than a fraction of a drop, the chondrin 
is precipitated. A greater quantity of tlys acid not only dpes 
not precipitate but redissolves what may have at first *^allen. 
Muriate of chondrin, (if we can give that name to a mixture of 
solution of chondrin and muriatic acid,) is not precipijjpted* by 
prussiate of potash. 

5. A very concentrated solution of chondrin is not precipi¬ 
tated by caustic alkaline ley. But this ley precipitates collin; 
and the precipitate contains a great deal of phosphate of lime. 

6. Chondrin is precipitated by*chloride of platinum, but not 

by nitrate of silver. ^ 

7. Alcohol throws down chondrin from a concentrated solu¬ 
tion in white, consistent, thready flocks. If we filter off the al¬ 
cohol the chondrin remains translucent and does not seem alter¬ 
ed in its properties. For it dissolves in hot water and gelatinizes 
as before. In this respect chdhdrin agrees with collin. 

The alcohol will be found to have dissolved a small quantity 
of a substance which is not chondrin. For it dissolves in «old 
water, does not gelatinize, and is precipitated by tannin. These 
are the characters assigned to the principle distinguished by 
Thenard by the name of osmeusome, about which we at* present 
know very little. 

8. The only known animal substance .precipitated by acetic 
acid beades chondrin is casein. But the two cannot ea^y be 
confounded together. Casein does not gelatinize. Its acid so- 
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lution is precipitated by pnissi^te of potash, but the muriate of 
cbondrin is not. Muriatic aeid precipitates casein, but dissolves 
ch(>ndrin, and only occasions a precipitate when added in very 
minute quantity. 

9. Cliondrin like colIin is precipitated by tannin, chlorine, al¬ 
cohol and cofrosivc sublimate. « 

Chondrin was subjected to an ultimate analysis by Vogel, 
lie states the constituents to be. 

Carbon, . 48*97 

Hydrogen, . 6*53 

Azote, . 14*55 

Sulphur, . 0*32 

Oxygen, . 29*63 

% —i— I I ■ 

' • ‘ 100*00 
As we have no data to determine the atomic weight of chondrin, 
we cannot state from this analysis the number of atoms which it 
contams. Supposing the sulphur accidental, and the azote to be 
three atoms, the composition would be Az^ Hence 

we see how much less azote it contains than collin. 

The analysis of Mulder approaches pretty near to that of 
Vogel.* lie obtained, 

Carbon, . 49*96 

Hydrogen, . 6*63 

Azote, . 14*44 

Sulphur, . 0*38 

Oxygen, . 28*59 

100*00 

He represents the constitution by the formula, C®*” Az" S 
O'" or 10 (C32 Az^ O'^ 4- S. 

Dr Schererf analyzed ehondrin from the cartilages of the 
rib?. He obtained, 

Carbon, . 50*i95 

Hydrogen, , 7*047 

Azote, . 14.908 

Oxygen, . 27*850 

100*000 


* Ann. der Pharm. zxviii. 928. 


t Ann. der Pharm. xl. 49. 
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. Chondrin from* the cornea of th( eye was found composed of, 

Carbon, . • 49*522 

Hydrogen, . 7*097 

Azote, . 14*399 ' 

Oxygen, . 28*982 * 

_ t _ 

106*000 

He represents it by the formula p*® H*® Az® 0^. Calculating 
from this we get, * 

48*carbon, = 36 or per cent 50*35 
40 hydrogen, =z 5 ^ ... ,7*00 

C azote, = 10*5 ... 24*68 

• 20 oxygen, rl 20 ... 27*97 

• 71*5 • 100* . • 

These numbers agree pretty well with the analyses. In cornpSr- 
ina: the formula of Scherer with that of ^Mulder we must leave 
out the sulphur which Scherer did not attempt to estimat'e. If 
we reduce Scherer’s formula to that of Mulder it will Jbe C®^ H^ 
Az* differing by an atom of hydrogen in excess and an aiom 
of oxygen deficient If we adopt Scherer’s formula, and compare 
chondrin with protein we have, • 

Chondrin, . C^® H« Az® C^ 

Protein, . C^® IP® Az® 

IP O®, which may be 
represented by 4 (H O) + O®; or two atoms of water and two 
of oxygen. • 

We cannot at present explain the cause of the different proper¬ 
ties which collinand chondrin possess, though it must be connected 
with the mode in which the elementary atoms ar^arranged in each, 
triierc can be little doubt that chondrin as well as collin is an 
amide; but nothing is known respecting the acid, which ma}^be 
extracted from it, thoughitis probably thesame as thatfrom collin. 

It will now be proper to point out the different textures o^the 
animal body which yield collin and chondrin respectively.* The 
subject has been examined with care by J. Muller and Schwann. 

1. Skins give collin. 

2. Tendons give collin. 

3. The cornea of the eye gives chondrin. 
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4. Elastic membranes; for es^mple tlie Ugame.itaJiaoa of the 
falx, the ^amentum hyothywideum and cricothyroideum me¬ 
dium of the larynx, the ligaments of the larynx connected with 
the voice, the middle coat of the arteries, &c. when boiled suffi¬ 
ciently long in water, give a glue possessed of peculiar charac- 
* ters; but apjwoaching nearer chondrin than collin.* These mem¬ 
branes have a yellow colour. They consist of fibres full of knots 
and running into each other.. They may be kept for years in 
alcohol without,losing their elasticity. « 

The gbie from them is precipitated by acetic acid and acetate 
of lead, though not to the same degree Hs chondrin. It is pre¬ 
cipitated also by alum and sulphate of alumina. But persulphate 
of iron< does not occasion a precipitate, it only renders the liquid 
opal coloured: 

f 5. Fibrous cartilages^ such as the cartilaginosihiarticidares, those 
of the intervertebral cartilages, those of the eyelids, likewise the 
semilunar cartilages of the knee-joint of the sheep, give collin. 

6. 'The spongy cartilages, viz. tbe cartilages of the ear, the 
epiglottis,.the appendages to the cartilagines arytenoidecs in cat- 
tlecand swine, give various kinds of gelatin. 

That from the cartilages bf the ear differs from collin and 
chondrin in this iinportant respect, it does not gelatinize. The 
glue obtained by boiling the sound of the cod also refuses to ge¬ 
latinize, but dries into a hard brown substance, which may be em¬ 
ployed to glue pieces of wood together. In chemical properties 
the glue from spongy cartilages agrees with chondrin, excepting 
that it is scarcely precipitated by acetic acid. 

' 7. Permanent cartilages, such as tliose that attach the ribs to 

the sternum or to each otlier, the cartilages of the joints, &c* 
yield chrondrin. 

8. Tlie cartilages of bones> obtained by removing the bone- 
earth by an acid, yield coUin. A great many were examined 
by,jyiullcr, and all yielded collin. Yet the same cartilages be¬ 
fore ossification has taken place yield chondrin. It appears from 
thii^ that during ossification a change in the cartilaginous struc¬ 
ture takes place. What this change is we have at present no 
option. 

9. Permanent cartilages ossified by disease, yield colliiL 

10. The cartilages of the teeth yield collin. 

11. Fungous bones yield chondrin. 
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12. Bones softened by oste<tnalacea yield neither collin nor 
chondrin. When such bones ara long boiled in water we obtsun 
an extract which is quite liquid, and does notgelatihize. When 
filtered it has a brownish yellow colfiur. It* is precipitated by 
tannin and alcohol, but pot by acetic acid, acibtate of lead, or p^- 
sulphate of iron. Sulphe^ of almnilna produces very little al^ 
tcration on it, oifiy a scarcely perceptible precipitate of fiocks 
redissolved by adding an excess.of the reagent Caustic potash 
ley occasions no precipitate. These remarks^apply to* the very 
highest stage «f osteomalacea when the bones are quite flexible 
and feeble.* 


• SECTION nLc~GELATIN FROM SILK. : 

This is probably the substance described by Board under the 
name of Mulder first obtained it in a state of purity in 

1836, described its properties, $ and subjected it to a cheifical 
analysis. § Ue obtained it from raw silk in the following man¬ 
ner ; •* 

The silk was boiled successively in water till every thing solu¬ 
ble in that liquid was taken up. The aqueous solutionstfwcre 
evaporated to dryness, and the Residue was treated m!h alcohol 
and ether. What remained after the action of the^ liquids was 
digested in hot water. The aqueous *solution being evaporated 
to dryness, the residue was considered as pure gelatin from silk. 

It lias a yellowish colour, is trtmslucent, brittle, and destitute 
of taste and smell. It is heavier than wate^ and is not altered 
by exposure to the air. When heated in the open ai^ it swells, 
burns with flame, and leaves a bulky charcoal When this cbal’- 
coal is consumed a white ash remains, consisting chiefly of car¬ 
bonate of soda. • 

It is soluble in water; butpinsoluble in alsohol, ether, fat and 
* volatile oils. Tlie aqueous solution is very viscid; it speedily* 
undergoes decomposition, giving out an ammoniacal odou^ In 
concentrated sulphuric acid it dissolves at the common tempera¬ 
ture of the atmosphere without any change of colour. Ji^hen 
heat is applied the solution becomes black, and gives oift a mixed 
smell of caromel and sulphurous acid. In dilute sulphuric acid 

* Muller; Poggendorrs Annalen, xxxviii. S22. * f Ann. de Chim. Ixv. 60t. 

I Poggendorfs Annalen, xxxvii. 606. § Ibid. xl. 284. 
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it ^ssolves when asasted by heajL When this solution is boiled 
for some time the gelatin is converted into starch sugar. Nitric 
add> dissolves the gelatin at the ordinary temperature of the at¬ 
mosphere. W'heh heat is applied deutoxide of azote is given 
out and oxalic acid formed. In concentrated muriatic acid it 
'dissolves without any change of colour. In phosphoric acid it 
dissolves, and if‘ the solution be heated it blackens. 

•The solution in concentrated .acetic acid forms when evaporated 
a thick mass. W^hen we mix it with water, no precipitate falls. 
But prussiate of potash throws down a fine green precipitate, 
whicl^ is soluble in,water. '' 

It dissolves in potash, soda, and ammonia, but is thrown down 
by acid» The solution in acid is aiSso precipitated by alkalies 
but the precipitate is again dissolved' by adding an excess of po¬ 
tash. Wc see irom this that the gelatin is insofuble in solutions 
of beutral salts with alkaline bases. It is soluble by boiling in 
carbon^rte of potash. When acetic acid is added to this solution, 
no disagreeable smell is evolved; nor does the liquid become 
black when, silver is added to it. 

When the aqueous solution is concentrated and set aside to 
cool, it gelatinizes—a white precipitate falls, when the following 
liqmds are added to the aqueous solutions of this gelatin ; alcohol, 
infusion of nut-galls, proYonitrate of mercury, diacetatc of lead, 
chloride of tin, chlorine water, bromine. The chloride of gold 
throws down a yellow precipitdte. 

The following liquids occasion no precipitate when added to 
an aqueous solution of gelatin: oxalic acid, acetate of lead, cor¬ 
rosive sublimate, nitrate of silver, nitrate of cobalt, cyanodide of 
mercury, perchloride of iron, chloride of barium, sulphate of 
potash, iodide f of sodium, sulphohydrate of ammonia, acetate 
of copper, tartar emetic, borax, persulphate of iron. When iodine 
is triturated with the aqueous solution of gelatin, no action is 
perceptible. 

It was analyzed by Mulder, who found its constituents (ab¬ 
stracting 6*2 per cent of ashes), 

• Carbon, . 49*49 

• Hydrogen, .5*98 

A^ote, . 19*19 

Oxygen, , 25*34 


100*00 
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These numbers approach so near those obtained by analyzing 
isinglass and common collin, tha^ we cannot hesitate to consader 
it as isomeric with these bodies. * * 


. chapter *111. 

OF HEMATOSIN. 

This name was gi^n by Chevreul to the colouring m^ter of 
blood, which Dr Wells,* as early as 1797, showed to be'an animal 
substance of a peculiar nature. Vauquelin and Bradde pro¬ 
posed processes for obtaining it in aji isolated stdte, but they did 
not succeed in freeing it from the “albumen with wMch, in #he 
crassamentum of blood, it is always united. Berzelius and ^n- 
gclhart proposed other processes; but what these chem&ts con¬ 
sidered as hematosin was in reality a compound of hematesin and 
albumen. And as the albumen greatly 'preponderated in point 
of quantity, the characters which they assigned to the colouring 
matter were very nearly those ^lich belonged in reality to al¬ 
bumen. « 

M. Lecanu, in* his thesis published ift 1837, has given the fol¬ 
lowing process for obtaining pure hematosin.t I*ito human 
blood deprived of its fibrin by agit^ition with a rod, pour sulphu¬ 
ric acid, drop by drop, till the liquor, which assumes a brown 
colour, coagulates into a thick magma. Dilute this ma^a with 
alcohol, which causes it to contract in bulk. Put the whole intio 
a cloth, and subject it to sufficient pressure to squeeze out the al¬ 
cohol together with the water formerly contained in the blood. 
What remains in the cloth has a brown coloiir. It is to be re- 
* duced, to small particles, and treated repeatedly with boiling al* * 
cohol, (the last portions of which must be acidulated,) till li, 
quid ceases to assume a red colour. 

The alcoholic solutions are left at rest till they are quite ^old, 
and then filtered to separate a quantity of albumen which will 
have precipitated. The filtered liquid must be saturated with 
ammonia, and then filtered agsun to get rid of some sulphate of 

« See Phil. Mag. xvi. 154. 
t Etudes ClUmiques sur k sang humain, p. 28. 
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ammonia, which has predpitatedr together with a hew portion of 
albumen. The alcohol is now to be distilled off. What re¬ 
mains is hematosin mixed with saline matter, some organic mat¬ 
ter and some fat Let it be successively treated with water, al¬ 
cohol, and ether till it has been freed from everything solu¬ 
ble in these three liquids.' It is no'v to be digested in alcohol 
containing about 5 per cent of liquid ammonia. Filter again, 
d'ljtil off the alcohol, and evaporate the residuum to dryness. 
Wash wbat remains with distilled water, and dry it in a gentle 
heat It is pure hematosin* = 

Hematosin thus, obtained possesses the following properties: 
It is solid, without taste and smell, and of a 'dirty brown colour, 
provided it be obtained by the process above detailed; but it has 
the metallic luStre, and a reddish black colour when obtained 
byr evaporating an ammonico-alcoholic solution over the vapour 
ha&. 

It is* insoluble in water, alcohol of all strengths, sulphuric 
ether, acetic ether, whether cold or hot. 

Water, ^cohol, and acetic ether, containing a very small quan¬ 
tity cof caustic ammonia, potash, or soda, dissolve it easily and 
assume a blood red colour. But these alkalies never loose their 
alkaline reaction, how great soever the quantity of hematosin may 
be, which they may have’dissolved. 

Oil of turpentine and olive oil dissolve it when assisted by heat. 
The solution has a fine red cdlour. 

Alcohol slightly acidulated with sulphuric or muriatic acid 
dissolves it readily. The solution is brown, but becomes blocxl- 
^ when the acids are saturated. ** 

Alcohol of 0*8428, or still better, alcohol of 0*9212, dissolves 
it when assistod by sulphate of soda. But this salt does not ren¬ 
der hematosin soluble in water. *' 

Water throws it down completely from its acidulated alqoholic 
solution. The precipitate is pure hematosin, and contains no 
acid. Water does not precipitate it from its ammoniaco-alco- 
holio- solution. When the solution is much diluted and boiled 
for a long time, the hematosin is altered. It assumes a green¬ 
ish tint, and becomes insoluble in ammoniated alcohol. 

* Lecanu at first gave to the colouring matter of blood freed from albumen, 
the name of ghlndin. But the observations of Gay Luasac and Serullas induced 
him to abandon that term and adopt ktmaUmu. 
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When the acidulous alcoholjc solution is mixed with a solu¬ 
tion of albumen in weak alcohpl, and the add is supersatu¬ 
rated, the whole colouring matter predpitaies vdlh* the albumen 
in red'dpcksy which may be washed ^repeatedly in ammoniated 
alcohol, without completely losing its r^ colour.* ^ 

When chlorine is passed through it'ater holding hematodn ia 
suspension, this colouring matter is alferpd in its nature. White 
flocks precipitate which are insoluble in water, *but soluble in gl- 
cohol; while the liquid contains iron easily digcoverablb by the 
usual reagenta 

Concentrated sulphuric acid does not dissolve hematoshi; but 
it deprives it of irot, and convert it into a black mass insoluble 
in ■ammoniated alcohol an<k sulphuric acid. Very diluias suphu- 
ric add does not dissolve bematosin^; but it deprives it of iron, 
and partly con\^rts it into a new nfktter soluble in alcohol god 
ether. The solutions liave a red colour, and contain a good deal 
of oxide of iron. Concentrated muriatic acid behaves almost 
exactly like dilute sulphuHc acid. * / ^ 

Concentrated nitric acid dissolves it, assuming a brown colour, 
and quite altering the nature of the hematosin. ^ 

Mulder has lately examined l^e action of chlorine oif pure he- 
matosimf If we pass a current of chlorine gas tbfough a mix¬ 
ture of hematosifi and water, the colotEr immediately disappears, 
and the hematosin becomes white. The white flocks were collect¬ 
ed on a filter and washed with water. On analysis they were 
found to be a compound of the organic matter of hematosin and 
chlorous acid. It had lost all its iron, whiclf was found dissolv¬ 
ed by muriatic acid in the aqueous solution. The liquid portiAn 
contained, besides iron and muriatic acid, a little of the organic 
matter which is not quite insoluble in that acid. 

The flocks being dried at 284% we found ^composed of 


Carbon, . 37*34 oy 44 atoms = 33 

Hydrogen, . 3*01 or 22 atoms = 2*75 

Azote, . 5*89 or 3 atoms = 5*25 

Oxygen, . 24*34 or 24 atoms = 24* 

Chlorine, . 29*42 or 6 atoms = 27* • 

100*00 92*00 


* It was to this compound of hematosin and albumen that Lecanu gave the 
name of globulin. 

t Ann. der Pharm. xxxvi. 79. 
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This is 1 atom hematoao, $ . O* H“ Az* O® 

6 atoms chlorous scid, . 6(Ch O®) 

When triturated with twice its weight of saltpetre, and thrown 
into a red«hot platinum crucible, it is decomposed. The pro¬ 
duct of the deflagration dissolves in water with the exception of 
a little oxide of iron. The solution, when neutralized by nitric 
acid, contains no sensible quantity of sulphuric or phosphoric 
acid. Hence it tollows that hcpiatosin contains neither sulphur 
nor pho^horus ajt constituents. « 

When hematosin is heated in a retort, it does not melt, but 
^ves out ammonia and an empyrcumatic Oil, and leaves a bril¬ 
liant* clharcoal of small bulk, which, when cliarred, yields a quan¬ 
tity of pferoxide of iron. From 100 ^jarts of hematosin Leeanu, 
in four successifc experimcufs, extrarted ten parts of peroxide of 
iro|i. Three of these portiobs of hematosin were obtained from 
indfriduals aged about twenty-nine years, and that of the fourth 
from an indi\ idual of eighty-three years of age. Now ten peroxide 
is equivalent to seven metallic iron. 

It is remarkable that iron is not separated from hematosin hy 
amnvpnia, potash, or soda; nor is its presence indicated by tan¬ 
nin or pfussiate of potash. It Is difficult to conceive it to exist 
in the state df oxide.; for if it did no reason can be assigned why 
it is not acted on by these* powerful reagents, which arc so capa¬ 
ble of detecting the presence of oxide of iron in ordinary cases. 
Berzelius has suggested that it must exist in hematosin in the 
metallic state. If we were to adopt this opinion, it would follow 
as a consequence that the red colour of blood cannot be owing 
the iron which it contain 3 . 

Hitherto hematosin and albumen have been considered as sub¬ 
stances possessing very nearly the same properties; doubtless, be¬ 
cause the hematosiQ hitherto examined contained a notable quan- 
tity of albumen. The followiing table, drawn up by M. Leeanu, 
exhij^its the diflTerences between the two in a very striking point 
of view: 

% Albumen. Hematosin. 

Colourless, dulL Blad:, lustre metallic. 

Soluble in water, unless coagulated. Insoluble in water. 

Scarcely soluble in ammonia, slight- Very soluble in ammonia and po¬ 
ly in weak potash ley. ‘ tasb, to which it gives a blood-red co¬ 

lour. 
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Albumen. 


Hematosin. 


Insoluble in alcohol and acetic ether, 
ammoniated or mixed with sulphuric, 
muriatic^ or acetic acids. 

Soluble in acetic acid, and in weak 
muriatic and sulphuric acids, ^hen as¬ 
sisted by heat. • 


Very SQluble in alcohol and acetic 
ether ammoniated or piixed with sul. 
phuri^ muriatic^ or acetic acid. * 
Insoluble in acetic, muriadc, and 
sulphuric acidi, whether weak or con- 
ccq^rated. « • 


Le^nu examiifed hematosin from* bjiman bloody and from 
that of the ox, domestic fowl, dijpk, frog, carjl', and macker^ 
and found it in all cases possessed of the very^same prbperties. 
The only difle^ence observed was in the proportion of peroxide 


of iron left when the ITematosin was incinerated. Human'hema- 
tosin left 10 per cent, that of the ox left 12*76 per cent, while 
thaCt of the domestic fowl left 8*34 percent / 

It seems not unlikely that the yelli>w, blue, and brown colour¬ 
ing matters obtained by M. Sansen from blood, were Jiemato|in 
altered by the processes to which he had subjected it Ilis ^‘ed 
colouring matter evidently contained albumen.* 

Hemato.shi w*as subjected to an ultimate analysis by MuMer, 
by means of oxide of copper.f He obtained from the hematosin 
taken from the arterial blood of oxen and sheep. 


Carbon, 

• 64*57 


Hydrogen, . 5*25, 

1 

Azote, 

P0*54 


Iron, 

6*67 


Oxygen, 

12*97 



100*00 • 

• 

If we suppose the iron to 

amount to one atom, the constituents 

of hematosin will be, 



43 atoms carbon, 

= 32*25 or per cent^ 64*89 

21 atoms hydrogen. 

:* 2*625 .., 

5*29 

3 atoms azote, 

z= 5*25 

10*70 

1 atom iron, 

= 3*50 

7*03 

6 atoms oxygen. 

6 00 

12*09 


49*625 

ioo*oa * 


Mulder, to ascertain the atomic weight of hematosin, dried it 
at the temperature of 266*, and passed a current of chlorine gas 
over it till it refused to absorb any mor& Nothing whatever 


* Jour de Pbarmacie, xxi. 420. 


t Annalen de Phann. xxzi. 134. 



^4 animal amides. 

separated, ^he hematosin acquired a dark-greer. colour. He 
obtained a compound of 

» Hematosin, . 66*19 or 8*78 

Chlorine, ' . 33*87 or 4*5 


•* 100*00 

Nov, if we suppose ijfith Mulder tliat six atoms of chforinc 
have combined with one atom of hematosin, the atomic weight 
of this last substgnce must be 52*68, which approaches, though 
not very nearly, to 49*625, the weight deduced /rom Mulder’s 
analysis. ^ • 

Mulder has again repeated *this analysis, •and now considers 
hematosin to be composed of C** 11^ Az® 0"Fe = 50*5.* • 

The compound of chlorinp and hematosin is deep-green. It 
dii^lves in alcohol, communicating to that liqidd the colour of 
bUt. Neither acids nor alkalies alter the colour of this solution. 
But when boiled with potash, it becomes straw-yellow. When 
heated *jwith sulphohydrate of ammoniA, the alcoholic solution be¬ 
comes red. 

Mulder did not succeed in combining iodine in definite quan¬ 
tity with*hematosin. When tlfe compound was heated to 302®, 
a temperature necessary to drive off the excess of iodine, the 
whole of that substance escaped; however, the hematosin was 
altered, for it was insoluble in alcohol, mixed with ammonia or 
with sulphuric acid. 

When phosphorus or sulphate of iron is boiled with a solution 
of hematosin, the Colour is not altered. Boiling hot sulphuric 
6cid becomes coloured when mixed with hematosin; but the 
greatest part of this last substance remains undissolved; yet its 
nature is alteiQed, for it is no longer dissolved when alcohol is 
added. When sulphurous acid ggs is passed through a solution 
^ of hematosin in alcohol, acidulated with sulphuric acid, the co¬ 
lour is not altered; but when the solvent is ammoniated alcohol, 
the colour becomes light-red. 

When hematosin, dried at 266®, is put into dry muriatic acid 
gas \t assumes a violet red colour. The muriate formed dis¬ 
solves in alcohol, and the liquid assumes a fine red colour. It 
reacts as an acid. Mulder found tliat 100 parts of hematosin 
absorbed 12*97 of mifriatic acid. But when the compound was 

* Alin. (Icr Pharm. xxid. 134, and xxxvi. 79. 
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heated to 212% 100 hematosin lonly retained 6.63 of muriatic 

’ acid. Hence the first was comp^ed of, 

Hematosin, . 49.625 or 52.68 • 

* Muriatic acid, 6*436 or •6*863 

and the second of, * 

Hematosin, * 4^*625 or 52‘6& 

• Muriatic acid, 3*29 or 3*493 

The quantity of acid in the first compound was tvrice as great 
in the second. The first compound (if we reckon the Atom of 
hematosin 52*6^) is composed of, 

1 atom 4iematosin, . 52*68 * 

1^ atem muriatic acid, 6*9375 

The,second compound retails only three-fourths of an tflom of 
muriatic acid united to an afiom of hematosin. • 

Hematosin confbincs with the metsfilic oxides as weU as wil^ 
acids in definite proportions. Nitrate of silver being mixed with 
an ammoniacal alcoholic solution of hematosin, and a little ni¬ 
tric acid added, a dark brovfti precipitate falls. The filter^ So¬ 
lution is colourless, and neither contains iron nor colouring mat¬ 
ter, the precipitate is a compound of hematosin and oxide of jjjil- 
ver. 135 hematosin gave 22*55 f>f a mixture of 5*15 dkidc of 
silver, and 4*684 peroxide of iron. This compound is black, 
has a glistening lustre, and burns like hematosin. 

It combines in various proportions with oxides of copper and 
lead. These compounds may be foxmed in the same way as that 
of hematosin and oxide of iron. 

From the preceding statement it appears that hematosin is 
capable of combining in definite proportions, both with acids and * 
bases, though it does not neutralize either the one set of bodies 
or the other. ^ 

Lecanu, as has been already §tated, extract^ 12*67 per cent 
of oxide of iron from ox blood. Mulder from the blood of 
oxen and sheep, only obtained 9*6 per cent ^ 

Mulder has some speculations respecting the difference of he¬ 
matosin in arterial and venous blood. He thinks it possible that 
arterial hematosin may be, H®^ Az* O® + Fe • 

and venous, . C*® Az* O® 4* Fe C 

and that this carburet of iron is decomposed into iron and car* 
bonic acid by the oxygen absorbed in the lungs. 

p 
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CHAPTER IV. 

•oi spp:rmatjn. 

m 

* This name has been given to what is considered is the essential 
part of human semen., When emitted it is' a translucent sub- 
Ti^tance, SM'elled 'up, and having much the appearance of mucus, 
only thicker, a^d frequently in cylindrical concretions. At Jfirst 
it is insoluble in water : but after a certain time jit becomes spon- 
tanepusly liquid, and then dissolves or ndxes readily with water. 
This remarkable property distinguishes it from all other animal 
substahees. 

When semen, at the instant of its emission, is let fall into alco¬ 
hol of tl?e specific gravity 0*833, it becomes opal coloured, it co¬ 
agulates into a clot resembling a clue of pack-thread; as if the 
spermatin consisted of a long thread which had rolled upon it¬ 
self ifi passing through the canal of the urethra. Thus coagu¬ 
lated by alcohol it loses the property of liquefying by standing. 
When dried it remains thready as before, has a snow white co¬ 
lour, and is opaque. In wiitor it gradually softens and assmiies 
the appearance o^ mucus, especially when boiled in that liquid; 
but very little of it dissolves. When the water in w'hich it has 
been boiled is evaporated to dryness, a white opa<{ue matter re¬ 
mains ; one portion of which is soluble in cold, and tlie remain¬ 
der only in boiling w*ater. Both solutions are abundantly pre¬ 
cipitated by infusion of nut-galls. The jjortion of spermatin not 
' dissolved by the boiling water is equally insoluble in a weak so¬ 
lution of caustic potash. 

Spermatiu coagulated by alcohol is soluble in cold sulphuric 
acid, to which it gives a yellow (folour. Water throws down the- 
portion dissolved white; and the portion not dissolved contracts 
wjjen water is added and abandons the acid. The precipitate is 
insoluble in water, even when assisted by heat. 

Nitric acid while cold gives a yellow colour to spermatin, hut 
does not dissolve it; when assisted by heat a solution takes place, 
but the spermatin is again precipitated by the addition of water. 
In concentrated acetic acid spermatin becomes gelatinous and 
translucent. When* the acid is raised to the boiling tempera¬ 
ture solution takes place; but the liquid still continues muddy, 
from ^luall undlssolved threads remaining interspersed tlirough 
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,it. The solution is precipitated|by prussiate of potash; hut not 
by carbonate of ammonia nor corrosive sublimate. It is precipi¬ 
tated also by infusion of nut-galls. * • 

Spcrmatin coagulated by alcohol is ^oftenetf in a concentrated 
solution of caustic potash,^ but not dissolved, unless the action bt^ 
assisted by heat. The solution is not jlrecipitated by acetic acid. * 
But ir wc supersattirate the liquid wifli Ihis acid, evaporate to 
dryness, and wash out the acetate,of pobish with alcohol, theani«M 
mal matter remains undissolved Water only ^lissolveslt par¬ 
tially, and the solution is precipitated by corrosive sublimate and 
infusion of riut-ualls. • ^ * 

Tlie alcohol in wliTch semen has been coagulated has an opal 
tinge, and does not filter cle^. AVhen evaporated to drjftiess, it 
leaves a residue which has tlie same, properties dfe that left by 
water in which th?5 semen has coaguhftcd. • • 

When the semen falls into water at the instant of its cmissioYii, 
it coagulates pretty much as in alcohol, constituting a wdiite fi¬ 
brous mass, which, on the least touch, separates into thread^ ^-^d 
when taken out of the w’atcr, dissolves in acetic acid. ,The solu¬ 
tion is copiously precipibited by prussiate of pomsh. If thcsQdi> 
laments are left in water, they gradually dissolve and disappear 
except a few threads, which sid)side very slo>^y. AVhen these 
are separated by the filter and the watdl’y solution evaporated, 
it exhales for a long time the peculiar smell of semen, becomes 
opal-coloured, and when evaporated to dryuiess, leaves a trans¬ 
parent varnish, swircely visible, at the bottom of the vessel. 
W ater softens this varnish, and dissolves a little*of it, wliidi gives 
it a yellow colour. When wc evaporate this solution and treat * 
the residue with absolute alcohol, a portion is dissolved, which, 
when freed from alcohol, has the form of a yellow extract, which 
reddens litmus-paper. • , 

• Cold water dissolves very little of tjie matter on which the al¬ 
cohol does not act. But boiling water takes up more, and leaves 
a yellowish-brown and very mucous matter. The aqueous solu¬ 
tions, whether hot or cold, have the same properties. When 
evaporated to dryness, they leave a yellowish transparent matter, 
having the smell of toasted bread and a peculiar taste. Water 
makes it white and mucous, and dissolves it rapidly. The solu¬ 
tion is precipitated by acetate of lead, protfTchloride of tin, cor¬ 
rosive sublimate, nitrate of silver, and infusion of nut-galls. 
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The portion insoluble in boiling water is notciissoWed by ace¬ 
tic acid. It is partially dissolved in cold potash ley.* 


‘ CHAPTER. V. 

• - 

. OF SALIVIN. 

c 

Sa£.ivin or ptyalin, as it is also called, is a peculiar substance 
which exists in human saliva. It seems to hju^c been first no¬ 
ticed by Dr Bostock in 1805, who describes it under the name 
of pure mucus,^ It is not described by Bferzelius in the second 
volunle of his Djurkemien, published in 1808. But in his paper 
on the Chemical Properties of Animal Fluids, published in 1813, 
it is particularly noticed udder the name Salivetiry, or peculiar Ani- 
ihal Matler.\ More lately its properties have been examined by 
Tiedemann and L. Gmelin.§ Salivin may be obtained in the 
following manner: ' * 

Evaporate saliva to dryness in a gentle heat. Digest the re¬ 
sidual mass in rectified spirits, which dissolve most of the salts 
of saliVa. An additional portion of alcohol acidulated with ace¬ 
tic acid will remqve any soda that might still remain. Nothing 
now remains but a minture of salivin and iliucus. Water dis¬ 
solves the former of these substances, and leaves the mucus. The 
aqueous solutions being evaporated in a gentle heat, leaves pure 
salivin. 

Thus obtained it is a transparent white substance, which does 
not crystallize, and is destitute of taste and smell. It is not al¬ 
tered by exposure to the air. It dissolves readily in water, but 
is insoluble jn alcohol. The aqueous solution is not precipitat¬ 
ed by alkalies oj* acids, nor by* solutions of diacetate of lead, || 
corrosive sublimate, or of tannin. It does not become turbid on 
b 2 iling, and does not gelatinize when the concentrated solution 
is allowed to cool. The only substances wliich precipitate it from 
its aqueous solution are alcohol and nitrate of silver. And this 
% 

* Berzelius, Trait4 de Chimie, vii. 558. 

t Nicholson’s Jour. ii. 251. \ Annals of Philosophy, (1st series,) ii. 380. 

§ Recherches Experimentales, i. 12. 

Q Bostock obtained a precipitate with this salt because his salivin contained 
uncoDibined soda. 
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. last precipitate 48 soluble in amejLuia. Salivin is not precipitat¬ 
ed by chlorine. • 

When salivin is charred, ammonia is ^ven off, dnd the ooal 
contains potash and soda. * * 

Salivin from neutral sjdiva does not act *as an alkali, but; 
slightly as an^icid. If the saliva be^ndt previously* neutralized, * 
reddeiSed litraus-patpcr, when dipt into* it* becomes blue. The 
colour of the salivin is yellowisli-^rown when the alkali of thoi- 
salura is not neutralized, and it absorbs moistur^ from thd air. 


‘chapter VI. 

OF^ PEPSI Na 

This name, (from irsTc/?, digestion,) was ^ven by l5r 
Schwann of Berlin* to a substance which constitutes an essential 
portion of the gastric juice, as without its action many articles of 
food could not be converted into chyme in the stomach. All 
articles of food containing coagulated albumen, fibrin, and ^ 
a certain extent also) casein, f To make an artificial gastric 
juice capable of dissolving these substances, tlie inner coats of 
the third and fourth stomaclis of an ox w*‘re digested for twenty- 
four hours in water containing a mixture of 2f per cent of mu¬ 
riatic acid of commerce. After tliis digestion (without heat) the 
liquor was filtered. It contained in solution 2*75 per cent of 
solid matter, and required rather more than 2 per cent of*narbo- 
nate of potash to neutralize it When this liquor was digested * 
for several hours on coagulated albumen, (at the temperature of 
98*,) in powder, it dissolved it completely. • 

Muller’s experiments showed that the mere acid solution will 
iiot dissolve coiigulated albumen; and Ebcrle and Schwann found 
that the same acid solution, after the ox’s stomach was digested 
in it has acquired the property of dissolving albumen. Hence 
something is tiken up from these stomachs which gives the aglld 
liquid the property of dissolving albumen and fibrin. It is lb this 
something that the name of pepsin has Ix^cn given. 

The following are the facts respecting tliis principle which 

* Poggendorr« Annalen, xxxviii. 358. 

t The ehymosin of Desi-hamps is obviously the same with pepsin. See Jutir, 
1'* Pharm. xxvi. 412. • 
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Iiave been determined, and for ll^hich we are chicly indebted to 
Dr Schwann: 

Ir. When the pepsin solution is neutralized by potash, nothing 
is precipitated ; but its digesting properties arc destroyed. 

, 2. Though the pepsin solution be mpeh diluted with acidulat- 
•ed water, its digesting powers arc n-ot injured, but it cannot be 
diluted with pure water without the destruction of these powers. 
' 3. The quantity of acid necessary for tlic digestive properties 

of the liquid continuing, is regulated not by the jiepsin present, 
but by the waiter. The muriatic acid of commerce present must 
amount to 2f jier cent. “ 

4. When food is dissolved in this acidufated liquor, none of 
the acifl is saturated. Tlie quantity still uneombined is the some 
as at first ' . » 

r 6 . If we neutralize the solution, evaporate it to dryness in a 
1(^ temperature, and digest the residue in alcohol, the digestive 
properties are destroyed. 

"B. If the pepsin liquor be heated to the boiling point, its di¬ 
gestive properties arc destroyed. 

r*?. When acetate of lead is dropt into the pepsin solution, the 
pepsin IS precipitated in combination with the oxide of lead, and 
the preeijutation is more conqdete if the liquor has been jirevious- 
ly neutralized. Pejisiif is precipitated also from its mmtral so¬ 
lution by corrosive sublimate, but not by prussiatc of jiotash. 

8. But the most idiaractoristic action of pepsin is its coagulat¬ 
ing milk, and throwing down the casein. When one part of pep¬ 
sin solfttion is mixed with 238 parts of milk, the whole is coagu- 
*'lated. The quantity of muriatic acid of commerce necessary to 
produce the same eflect is 3*3 per cent 

The neuti^ilizcd pepsin solution still coagulates milk, but if its 
temperature be raised to the l)o*ling point, this property is de¬ 
stroyed. 

^9. Pepsin and casein may be reciprocally dsed as reagents for 
each other. A liquid containing only 0*0625 per cent of casein 
is precipitated by the neutral pepsin solutions. This delicate ac¬ 
tion ^ casein is tlie most characteristic property of pepsin 
hitherto observed, and puts it in our power to distinguish it from 
other substances, especially from mucus, with which, from some 
of its properties, it might otherwise be confounded. 

10. The small quantity of pepsin which causes the solution of 
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albumen is remarkable. Acidulated water, holding in solution 
only 0*25 per cent of pepsin, shqws a decided action on albu¬ 
men. 98 grains of water acidulated with muriatic' acid, and con¬ 
taining* only 4*8 grains of the solution of pen)sin, dissolves 49 
grains of albumen in twenty-four hours at the temperature of 
99®.o. Nowfe as 4*8 grainy of the digesting liquos contain onlj* 
0*11 grain of solid matter, it follows Hiat one grain of pepsin is 
capable of causing the solution of at least 100 grains of dry a^ ;^ 

bivnen. • 

0 

. 11. When pppsin liquor is employed to dissolve albumen, it 
partly loses its digestiw power. Hence it must suffer ail alte¬ 
ration during the process. * * * * 

1»2. Jt acts best at the tenjperature of 100®, but it will*hctalso 
at j 4® or though not so well. • 

]\f. ^Vasmann'has succeeded in olftaiiiing pepsin in ^n isolated 
state by the following process :* lie separates the glandular 
membrane of the stomach without cutting it, washes it, and 
iligests it in distilled wafer at a tempe'ratiire betwegi 
and 95°. After several hours, he decants off the liquid, and 
washes the membrane again in cold water till it gives out a j)u- 
trid smell. The waters are mixed and filtered. Tlie lic^liid thus 
obtained is transparent, a little viscid, and posscsscd*of a strong 
digestive power, wbeii a little muriatic acid is added to it. To 
sejiaratc pure pepsin from it, acetate of lead is added, the pre¬ 
cipitate washed, mixed with water, and decomposed by sulphu¬ 
retted hydrogen. The liquid separated anew is fluid, colourless, 
and acid. 'When, after having evaporated tbat?*liquid to 4be con- 
sisti'uce of a syrup, in a temperature which must not exceed 95°,*’ 
we pour absolute alcohol into it, a copious flocky preci})itatc falls, 
which, being carefully dried, is a yellow gum-like substance, which 
does not attract moisture from /he atmosphere. 

• Tepsin is soluble in water, whic-h it makes acid, because it re- < 
tains obstinately a little acetic acid. The solution, though it 
contained no more tlmn of pepsin, dissolves in six or eight 

hours white of egg slightly acidulated : but it loses its digestive 
properties when boiled or saturated with potash. In the laet &se, 
it deposites flocks which are insoluble in water, but dissolve slow¬ 
ly in dilute acids, constituting feebly digestive liqmds. 

We recognize pepsin by the precipitates’thrown down by di- 

• Jour, de Pharni. xxvi. 481. 
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lute adds :^om its solution, andWhich are again ^redissolved by ^ 
an excess of the acids. It is distingiushed from albumen by the 
precipitates '■produced by acetic acid and muriatic acid in its 
aqueous solutions; and frrnn casein, because prustiate of potash 
does not precipitate its acid solutions. 

•* A concentrated solution of pepsin .is thrown down by corrotive 
sublimate and acetate of lhad, but the precipitates are redissolved 
Hy adding an eil^cess of the reagent, and also by acetic and mu¬ 
riatic aOids. The sulpliates of iron and the protochloride of tin 
also precipitate pepsin; and all the precipitates by metallic solu¬ 
tions l)ossess digestive properties. 

X^Then burning, peprin gives out the odcur of burning horn, 
and ledyes a charcoal difficult to incinerate, in which is found 
lime, soda, phosphoric acid, and a little iron. 


CHAPTER VII. 

. OF PANCREATIN. 

ft. 

This*^ substance was detected in the pancreatic juice of the 
dog by Tie'demani) and L. Gmelin, but they did not obtaun it in 
a separate state. The bnly characteristic property of it which 
they ascertained is this: it is coloured red by a small quantity 
of chlorine, and discoloured by a small quantity. 


DIVISION II. 

OF THE PARTS OF ANIMALS. 

< 

The different substances which compose the bodies of animals 
may be divided into two classes namely, Ist, the solid parts, such 
as bones, muscles, skin, &c. of which their bodies are made up; 
2c^ the flwd parts* Some of these, as the chyU and hlood, are 
intended for the nourishment of the living being ; others, as sa- 
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ctva and bilCf me eecreted to axl^er important purposes in the 
animal economy; others, as the.«ni 2 «, are separated from the 
blood to be thrown out of the body as useless to tWsystem ;iand 
others,* as mtft, for the nourishment df the ydung animals. To 
these may be added certjdn foreign substances which make theif 
appearance in various parts of tlie*bddy in consequence of dis^ 
ease.* These beiifg usually solid bod^s iiave received the name 
of morbid concretions. This impi^rtant division will therefore br^ 
divided into three parts, namely, 1. Tlie Solid ^^irts of .Animals; 
2.The Liq uidiParts; and 3. Morbid Concretions. 



% 


P^RT 1. 

# I 

OF THE SOLID PAKTS OF ANIMALS. ^ 


The solid parts of animals arc very numerous, and many of 
them hitherto have scarcely been examined. The following chap¬ 
ters contain a general view of such of them as ha^ve hitherto 
come under chemical investigation. «»' 



CHAPTER I. 


OF BONF.S. 

By hone^^ are meant those hard, solid, well-known parts to 
which the firmness, strength, and shape of living animals are in 
some measure owing. In man, quadrupeds, and most otlier ani¬ 
mals, the bones are situated below the other parts^ and scarcely 
any of them are exposed to vitew; but in some of the tribes of 
’ the lower animals, as the Conchiferaewi Molluscat the bony por¬ 
tion is placed on the outside of their bodies, evidently for#de- 
fence. In this case, they are distinguished by the name of shells. 
In other animals, as lobsters and crahs, the external bony cgver- 
ing is called a crust. We shall treat of bones in the*present 
cliapter, and of shells, crusts, and zoophytes afterwards. 

The bones in a human skeleton of mature age amount to about 
200, not reckoning tlie teeth; but in extreme youth they are 
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more numerous; because various bones, at lirs^ separate, gra¬ 
dually unite into one as the .age of the individuals advances. 
They are vefy various in their shape. Some, as the shoulder- 
bone, the thigb-b6ne, &c.^e long and hollow; others, as those 
Qf the cranium, arc flat and thin ; whilp others, as those of the 
Vrist and heel, are short ahd« solid, o» nearly so. They are cover¬ 
ed by an external membrane, which adheres t(T them closely, and 
rolled the periosteum. The ej^ternal cavity of the long bones is 
also linM with periosteum, from which many of the vessels des¬ 
tined to nourish the bones originate. The flat Jbones are hard 
and (jense at the ^irfacc, but interiorly they have a kind of ca¬ 
vity divide into innumerable cells by meanfe of thin bony parti¬ 
tions. • r • 

< 

When bones arc strippec] of their«pcriost(‘um by long boiling, 
tlv3y are white, if from a healthy animal. When the animal has 
bc^n diseased, the bones frequently have a shade of yellow. The 
specific gravity varies a little : that of the blade-bone or scapula 
of an ox is 1*656, as determined by Mr John Caswell.* 

The follgwing little table exhibits the specific gravity of various 


bones as determined bv me : 

Os femoris of a sheep, * . . 2*0345 

Tibia of sheep, . . . 2*0329 

Ileum of ail ox, * , . . * 1*8353 

Human os humeri, . . * . 1*7479 

Vertebra' of haddock, . , 1*6350 

First phalanx of human great toe, . 0*9775 


As the dge of these bones was unknown, it is impossible to draw 
any general inference from these experiments. The lightness of 
the bone of the great toe was obviously owing to the cavity with¬ 
in. When boiled in water, they do not lose their shape, but a 
quantity of collin js separated, and likewise a portion of fatty 
matter. Alcohol and ether^ when digested on bones, also dis- • 
sobce a quantity of fatty matter. When left in contact with mu¬ 
riatic acid the earthy matter of bones dissolves, and a cartilage re¬ 
mains, soft and flexible, but retaining nearly the shape and bulk 
of the ^ginal bone. When tliis cartilage is boiled for a long 
lime in water, it is dissolved and converted into collin, with the 
exception of a small portion of fibrous-looking matter, which still 

• Phil. Trans. 1693, xvii. 694. 
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. remains, and iwiiicli Berzelius aisurcs us consists of the small 
blood-vessels which traversed the bone in order to supply it with 
nourishment. * • 

The *fiict that muriatic acid depriftes bone'fe of their earthy 
matter, leaving only cartijage, was not unknown to chemists a^ 
an early pcricfd. It is mentioned by Boerhaave as well-known* 
in his'tiinc.* It had also been long observed that when bones 
are heated in an open fire they |?urn with flame, and leave 
wliite, brittle, friable substance, having the sliaj^ of the original 
bone, but mud* lighter, and distinguished by the name of earth 
of honest. In some of fSie earlier s^'stcras of cljeinistry, the 
of hones is considei^d as a substance stti generis, and ranked 
aiming the earths. About .the year 1768, Assessor (sfahn of 

Fahlini (lihccjvered that thi» supposqjl earth con^sted chiefly of 
phosphate of Urn* Seheele, in his exjieriments on ,fUwr spcig’, 
publislied ill 1771, mentions, when giving an account of the 5c- 
tioii of phospliorie acid on fluor spar, that it liad been latt'ly dis¬ 
covered that the earth of bones was phosphate of liine.t lA ebn- 
seipicnec of this notice, it was for some time believed tl^at Seheele 
w'as the discov erer of the eoiistitiition of bone-earth ; and Asses¬ 
sor (ralin w’as so indifferent abonf his reputation as a di^overer, 
that he never tried to correct a mistake, which had been so long 
prevalent * * 

The first person that attempted an analysis of bone was Me- 
rat-duillot, an apothecary at Auxerre, who, about the year 
171>8, jmhlished a comparative analysis of the bones of man, ami 
of a variety of other animals 4 hut his results were far from 
near ajijiroxlmations to the truth. About the year 1801, Four* 
croy and Vauquelin announced the discovery of phosphate of 
magnesia in bones, and published an analysis of tlic bones of an 
ox.§ 111 1808, Berzelius published the second volume of his 
•Animal Chemistry, in which he gave an analysis both of hu¬ 
man bone and that of the ox.|| IMorichini had announced a ypar 
or two before that fossil bones contained fluoric acid in combina¬ 
tion with lime, and this discovery w'fis confirmed by the exgeri- 
ments of Gay-Lussac.lT Berzelius, in his elaborate anadysis of 

• Boerhaave’s Cbemistry, i. 518; English translation, 
t Scbeele’s Essays, p. 13; English translation. •• 

^ Ann. do Cliim. xxxiv. 68. § Ibid, xlvii. 244. 

II Djurkomie, ii. 120. ^ Phil. Mag. xxiii. 264, or Ann. de China. Iv. 258. 
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bones, published in 1806,* andonnced the existence of fluate of 
lime in fresh bones; but this.discovery has not been verified by 
other experimenters. Dr Wollaston tried in vain to extract 
fluoric acid from f'ecent bdtoes; and unless I have been misinform- 
jed the same want of success attended the researches of Mr Brande 
'upon the same subject In^ 1829, M. Denis published a compa¬ 
rative analysis of human* bones from subjects of very diiFerent 
- agc&t A^ut Ihe same time,M. D’Arcet pointed out the quan¬ 
tity of nourishment which bones contain, and the best metliod of 
extracting it$ The investigations of Muller jn 1836, on the 
structure and chemical properties of the animal matter in bones 
and cartilages,§ have added considerably tcT our knowledge of a 
set of ISodies highly worthy of a mo^e accurate and complete in¬ 
vestigation thdh they have hitherto met with. 

f 1. If we leave a bone in dilute muriatic acid at the common 
tcinperaturc of the atmosphere, the earthy salts are gradually 
dissolved, and the acid may be removed by keeping the bone 
for‘'sotae time in water, which must 'be renewed till it comes oft’ 
from the sqlid residue of the bone quite tasteless. What remains 
is i^ow the cartilage. It has the size and shape of the original 
bone; fiut is soft, elastic, and' translucent, and has a yellowish 
white colour. When dried the cartilage diminishes somewhat in 
bulk, though it retains its translucency. It is liard and brittle, 
and assumes very much the appearance of horn. 

From the microscopic observations of Purkinje and Deutsch,|| 
it appears that when the cartilage from a long bone is examined 
it consist of a congeries of long minute tubes filled with marrow. 
These tubes, according to Muller, consist of very fine circular 
plates^ and the intervals between them are filled up by numerous 
circular plat^ which encircle the tubes. These plates may be 
separated from ea^h other by macerating the cartilage for a long 
time in water. Besides the^e marrow tubes the cartilage con- 
taips numerous scattered oval-shaped particles, the length of 
which varies from 0*0004 to 0*0006 inch, and their breadth from 
0*00014 to 0*00025 inch, according to the measurement of 
Miescher. These particles usually lie so that their length is 

* Aftiandlingar, i. 195* t Jour, de Physiologie, ix. 183. 

t Jour, de Pharmacie, xy,. 236. § Poggendorf s Annalen, xxxviii. 295. 

II MUller, Poggendorf 8 Annalen, xxxviii. 296• 
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parallel to tl|pt of tbe marroil tubes. They are ratber more 
opaque than tbe concentric plates which surround tbe marrow 
tubes. Whether they l)e solid or perforated has*not beeq de¬ 
termined. In the cartilages of the ribs these particles are very 
irregular in their poatioii. * 

The weight of cartilage^ in the h>Bg bones varies from 28 t9 
33^ ^cr cent. It is very difficult to prevent a portion of it from 
being dissolved by the muriatic acid employal to remove the 
earthy salts of the bone. Th^fiest way is to take care^tljat the 
acid be very (^lute. When the cartilages of Cones are boiled a 
sufficient time in water they are converted into collin, while the 
permanent cartilages of the body*by the same treatment iS^ome 
chfindrin. It is obvious from this that there is a diffeqSnce be¬ 
tween the cartilages of limes and the permanent cartilages, 
though in what^ihat difference consists we cannot at present sj^e- 
cify. It has been already stated, on the authority of Berzelius, 
that when the cartilage is thus converted into collin or chondrin 
the blood-vessels of the bones remain undiSsolved, and faji to the 
bottom of the liqiud under the form of delicate fibres. 

2. The other constituent of bone is the earthy salts, whic]j are 
gradually deported in the cartilage as the age of the afiimal ad¬ 
vances. The bones of die foetus, at a certain interval before 
birth, are all cartilage. At birth they«re partly bone and part¬ 
ly cartilage. The ossification goes on progressively, and in old 
age only those permanent cartilages retain their nature which 
are necessary for the maintenance of life and motion; as the 
cartilages of the ribs and those that tip the aiticulating.bones. 

The earthy salts are held in solution by the muriatic aciA 
From the effervescence which attends the action of muriatic acid 
on bones, it is obvious that one of these salts is a carbonate. 
And as calcined bones contain carbonate of lime, there is no 
reason to doubt that carbonate of lime constitutes one of the 
earthy salts which exists in bones. 

If we saturate the muriatic acid solution with caustic ammo¬ 
nia, adding an excess of that alkali, the phosphate of lime 
precipitates and may be collected on the filter. It copstffutes 
more than one-half of the weight of the bone subjected to ana¬ 
lysis. 

If we now add carbonate of ammonia 4b the liquid which has 
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passed through the filter, the darboiiate of limetwill be thrown 
down, and may be collected on a filter. The liquid still contains 
magnesia, which was prevented from falling by the excess of am- 
monia*'used, or rjfthcr of sal-ammoniac formed, which, constitut¬ 
ing with the magficsia a double salt, prevented it from falling 
r^own when the carbonate ofi ammonia was added. < 

Let the residual liqujd be evaporat(*d to dryness and the rcsi- 
. due exposed to a strong heat, ^ The magnesia will remain near¬ 
ly pure. But it is mixed wit(|^ a little common salt. Water 
dissolves the common salt and leaves the magnesia. In this 
way itiay all the constituents of the earth'of bones be separated 
from each other. They consist of 

Suhsesquijihosphate of lime, • 

- Carbonate of lime^ 

X 

^ , Magnesia,* 

^ Common salt, 

Probably the common salt in the bone may have been partly in 
the'state of soda. 

Berzelius analyzed human and ox bones, having first deprived 
the^ of all the fatty matter or marrow which they contained, 
and also having freed them fro.n their periosteum. The follow- 


ing are thc^rcsults^which he obtained: 

Humtln. 

Ox. 

Cartilage soluble in water, 

32-17 1 

33-3C 

Vessels, 

1-13 J 

Subsesfjuiphosphate of lime, 

53*04 

57-35 

Carbonate of lime. 

11-30 

3-85 

Phosphate of lime. 

1-16 

2-05 

Soda with a very little common salt, 

1*20 

3-45 


, lOO-OO lOO-OO 

From the experiments of Dr Rees,t it appears that the pro¬ 
portion of cartilage and earthy matter diftera somewhat in dif¬ 
ferent bones. The following arc the proportions in different 

human bones of an adult: 
e 

> 

* The magnesia is not in the state of phosphate, os Pourcroy and Vauquelin 
supposed; othemrise it would have been precipitated by the caustic ammonia. 
It may bave been in the state of carbonate, 
t Medico-Chirurgical Transactions, Vol. xxi. 
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' Earthy matter. 

> 

Curtilage. 

Femur, 

62*49 

. 37*51 

Tibia, 

60*01 

. • 39*99 

Fibula, 

. , 60*02 . 

39*98 

Humerus, 

63*02. 

36*98 

Ulna, ^ 

. .60*50 

• 

^ 39*50 \ 

Radius, • . 

• 60*51 

39*49 

Squamous portion of temporal bone, 63*50 > 

. 36*50 

Vertebra, (arch of dorsal). 

•. 57*42 

42*58 

feb, (external crust), 

57*49 • 

42*51 

Clavicle, . « 

57*52 

4a*48 

Ileum, (near the west). 

. • 58*79* 

41^1 

Scapula, (coracoid process). 

. 54*51 

4(5*49 

• 

Sternum, . *. 

56*00 

44*00 

Metatarsal bojie of great toe, • 56*53 

43*47 

A ^ 

The cancellated structure of various bones gave the followijfg 

results: 



• 

Earthy matten 

Cartilage., , 

Head of femur, 

60*81 

39*19 • 

Rib, 

83*12 

46*88 

Solid portion of ditto, 

57*77 

* 

42*2\ • 

Dr Rees examined also the bones of a foetus, and ojjtained the 

following result: . 

• 

0 


Earthy matter. 

Cartilage, 

Femur, 

57*51 

42*49 

Tibia, 

56*52 

43*48 

Fibula, 

56*00 . ^ 

44*00 

Humerus, 

58*08 

41*92 ' 

Radius, 

56*50 

43*50 

Ulna, 

57*49 

42*51 

Clavicle, 

56*75 

43-25 

Ileum, 

•58*50 . • 

41*51 

Scapula, 

56*60 

43*40 

Rib, * . 

57*35 

42*65 

Parietal bone, 

55*90 

44*10 


The followhig analyses were made hy M. Denis. He doe^ipot 
notice magnesia, but perhaps it may be included in the*carbo- 


nate of lime: 
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Radius \>f a girl 

Do. of Do. 

Do. of Do. 


aged 3 years. 

aged 20. 

aged 78. 

Water with a little 

grease, . 33*34 

13 

15*4 

Cartilage," 

33*34 

27*8 

27*9 

Phosphate of little, 

t 23*32 

580 

*43*9 

Carbonate of lime. 

10 

1 

6-2 

12« 

« 

• 10000* 

4* 

100*0 * 

A. 

100*0 

• 


Ox bones were analyzed by Fonrcroy and Vauqnelin, who stated 
■^heir constituents to be, • 

• Cartilage, . 51*0 * 

Phosphate of lime, ^37*7 
tCarbonate of lime, 10*0 

Phosphate of magnesia, 1*3 

♦ 

« ■ 

» * 100*0 
i 


(^Lassafgne analyzed tlie callus of a broken bone with the dif¬ 
ferent sound parts of the bone in its neighbourhood, and obtained 
the^ following results.* 


* Callus; 

Ditto. 

Sound 

Ditto. 

Sound part 

Exos- 

^ outer side. 

inner side. 

bone. 

thickened. 

in do. 

to-sis. 

Anjmal matter, 50*0 

48.5 

40* 

43* 

41*6 

46* 

Soluble s.Alt, 11*3 

12*8^ 

12*4 

14*2 

8*6 

10* 

Carbonate of lime, 5*7 

6*2 

7*6 

6*5 

8*2 

14* 

Phosphate of lime, 33*0 

32*5 

40*0 

36*3 

t 

41*6 

30. 

100*0 

100*0 

100*0 

100*0 

100*0 

100* 


According to Berzelius’s analysis, the proportion of carbonate of 
lime is much greater in the human bone than in that of the ox. But 
the an^ysis of Eourcroy and Vauquelin gives a different result 
*The following table by Fernandez de Barros shows the relative 
quantities of phosphate and carbonate of lime found in the ashes 


of the bones of various animals :* 

Phosphate of lime. 

Carbonate of lime. 

Lion* 

95* 

2*5 

Sheep, 

8l)* 

♦ 19*3 

Fowl, 

88*9 

10*4 

Frog, 

95*2 

2-4 

Fish, 

91*9 

5*3 


Berzelius analyzed the ashes of human bones, (we do not know 
of what age,) and foimd them composed of, 

•c 

* Berzelius, Trait4 de Chimie, vii. 475. 
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HuiXan. 


t>x. 

Phosphate of lime, 

81*9 \ 

86*4 

90*7 

Fluate of lime. 

. 3*0 j 

• 

Inme, 

10*0 

9*3, 

1*45 • 

Magnesia, 

• 

0*3 

1*10 

Phosphate of magnesift, 1*1 



voocLct^ ^ • 

2*0 . 

2*0 

3*75 

Carlranic acid. 

2*0 

• 

• 2*0 . 

3* 

• 

190*0* 

100*0 • 

100*0 

The loss in the analyses 

varied from 1 

to 1| per 

cent • The 

proportions varied somewhat in different speciftiens of hone.* * It 


is obvious that the hone ashes had been exposed to so strong a 
heat as to drive off the carhd^ic acid from the carbonate of lime. 
Now 10 lime requires 7*85 carbonic Scid to convert it into car- 


honate. Hence the carbonate of lime must have amounted ib 

17*85 per cent From this 

it appears 

i that the proportion of 

phosphate of lime to carbonate of lime in 
pretty nearly to that in sheep hones. 

human bones appr^hes 

The following table exhibits the results of several ahialyscs of 

lx)nes made by me: 

• 

9 

% 

1. lluman thigh bone. 


m 

Cartilage, 

39*12 

« . ' 35*93 

Phosphate of lime. 

43*67 

51*12 

Carbonate of lime, 

14*00 

9*77 

Magnesia, 

0*49 

0*63 

Soda, 

2*00 

. • 0*59 . 

Potash, 

0*06 

. trace 


99*34 

98*04 

2. Ileum of a sheep. 

• 

• 

Cartilage, 

43*30 

. • 47*20 

Phosphate of lime. 

50*58 

46*35 

Carbonate of lime. 

4*49 

4*88 

Magnesia, 

0*86 

0*64 

Soda, 

0*31 

. ♦ 2*09 

Potash, 

0*19 

’ 0*25 


99*73 

.• 101*41 


* Geblen’s Jour. (2d series,) iii. 1; or Afhandlingar, i. 216. 
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, 1 

Ileum of ox. 

r 


Cartilage, 

48-5 

* 

Phosphate of lime, 

45-2 

■ 

Carbonate, of lime. 

6-1 


Magnena, 

0-24 


Soda, 

0*20 


Potash, 

a 

0-11 

t 


100-35 

4. 

Tibia of a* sheep. 



Cartilage, 

51-97 

• 

' Phosphate of lime, 

40-42 


Carbonate of lime, 

7-03 


Magnesia, 

0-22 


Soda, 

0*19 

r 

Potash, 

trace 

« f 


99-83 

5. 

Vertebrae of haddock.' 



Cartilage, 

39-49 


Phosphate of lime. 

56-08 


Carbonate of lime. 

3-57 


% 

Magnesia, 

0.79 


Soda, 

0-79 



100-72 

6. 

Snout of sflw-fish deprived of teeth. 


Cartilage, See. 

46-31 


Phosphate of lime. 

42-55 


,, Carbonate of lime, 

2-638 


Magnesia, 

0*101 


Soda, 

0-141 


Water, 

6*920 



98-66 


middle or compact part of the long bones contains but 
little fatty matter; but the extremities of these bones are cellu¬ 
lar or spongy, and contain a great deal. The same remark ap¬ 
plies to the extremities of the flat bones. M. D’Arcet, who has 
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paid great attention to the subject, informs us that these spongy 
portions of bones are composed of. 


Earthy salts. 

60 

Cartilage, 

. 30 

Fatty matter, 

• 

10 • 

f 

• 

• 100-* 

• 


The blood-vessels and several membranes of the body some* 
time^ ossity. In such cases it woul3 appear from the analysis of 
an ossified pericardium by Petroz and Robinet, tfiat, instead of 
cartilage, such ossifications have an albuminous membrane much 
smaller in quantity than the cartilagt of real bones. The result 


of their analysis was as follows^: f 

Animal membrane, gelatin, and albumen, *24*2 
Common ssdt and sulphate of s<Jda, , 4*0, 

Carbonate of lime, . . 6*5 

Phosphate of lime, . . . 65*3 

• • _ 


lOO-Ot 


CHAPTER II. 

• • 

OF TEFiTH, 

Though the teeth are in fact lioruHf yet, as they contain some 
substances which do not occur in any other part of the •bony 
structure, they deserve to be described in a separate chapter. 

The human teeth in an adult individual amount to 32; 
16 being set in each jaw. There are 4 incisors or ciiJtHng teeth 
in each jaw, placed in the fore-part of the mouth, forming the 
convex prominent part of the dental arch, lliey are wedge- 
shaped ; being intended, as the name implies, for cutting the food, 
that only the quantity capable of being masticated may be taken 
into the mouth at once. 

There are two canine teeth in each jaw, one on each side of tlfe 
incisors. They have a single root like the cutting teeth, but 
longer, and their crown terminates in a blunt point 

The bicuspid teeth or smaller molars are* four in number in 

t Ibid, ix. 507. 


* Jourji. dc Pbannacie, xv. 236. 
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each jaw* two next each inci^r. Their roots^ as ihe name im¬ 
plies, terminate near their extremities in two points, and there 
i^ a groove from the neck of the tooth to its bicuspid termina¬ 
tion. The cutting extremities of the crown present two tuber¬ 
cles, one external, the other internal. 

The grinding teeth or larger melars are six in number in each 
jaw, and are farthest back of all the teeth. These teeth in the 
upper jaw have usually three roots, and in the under jaw two. 
The upper surface of the crown is flat, but has four tubercles ar¬ 
ranged crosswise, in order to triturate the food. 

Every tooth is divided by anatomists into the root^ the wcc/t, and 
the crown. The root, or the part of the ’tooth contained within 
the aiveolus, is similar in its nature to common bone *, the n£ck is 
the part of the tooth intermediate between the root and crown, or 
the portion just in contact with the gums. The crown is the 
part of the tooth projecting into the mouth, and fully in view. 
The central portion of it is bone, but exteriorly it is encased by 
a layer of white and very hard lamhiated substance, called eriamel. 
This layer is thick on the upper and lateral parts of the crown, 
but becomes thinner as it approaches the neck, and disappcfu*s 
altogether in the root. 

The teeth of the inferior animals differ in their form and struc- 
•> 

ture from those of maii. But a description of them belongs to the 
comparative anatomist. They arc composed of bone and enamel. 

The tusks of the elephant have received the name of ivorg. 
In consequence of its hardness and compact texture, it is suscep¬ 
tible ©f a fine polish, and is on that account applied to a great va¬ 
riety of purposes. It is liable, especially East Indian ivory, to 
become yellow. The tusks of some other animals, as the hip¬ 
popotamus and walrus, consist also of ivory. Even human teeth 
contained a portion of ivory. The enamel differs from ivory in 
containing very little cartilage, while about a third part of the 
weight of ivory consists of cartilaginous matter. 

A tooth consists essentially of four parts. 

1. The pulp within the cavity of the tooth. It is from it that 
the whole tooth originates. In process of time this pulp is fre¬ 
quently converted into bone by the deposition of calcareous salts. 

2. The ivorg. This constitutes almost the whole of the tooth. 
It resembles bone in its composition; but differs from common 
bone in being harder and denser. 
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3. The enanHsl It covers the crown of the tooth as far as 

the neck. It is very hard, and is obviously intended to prevent 
the toot^ from wearing so fast as it otherwise woifld do while 
performing the office of mastication. The enalnel has no carti¬ 
lage, and, consequently, lyis a higher specific’gravity than the. 
ivory of the tdoth. • • * • * 

4. I'he capsule. * This is a thin douflloi membrane which, be¬ 

fore extrusion, covered the whole ^oth. It is gradually y^om 
away on the crown; though Mr Nasmyth has fi'equently found 
it either entire? or fragments of it on the crown even of an 
adult tooth.* It rcmafhs during life on the ^oots of the ^eth. 
But it is frequently *ossified, and then gets the name oip'usta 
petj^sa. • • 

l^uwenhoek first observed in 167^ that the bo^y of the tooth 
is composed of a congeries of transparent tubes, so small) that sif: 
or seven hundred of them together do not exceed the size of a hft- 
man hair.t Purkinje, in his w’ork on the teeth, published in 1835, 
confirmed this observation of licuwenhoek. If the calcareous 
Sfilts be removed by steeping a tooth in dilute miu'iatic acid, and 
the cartilage be examined under a sufficiently powerful micpo- 
scope, it is found, he says, to consi^ of transparent tubes, running 
from the centre to the circumference. Thejt are not straight, 
but curved, and their diameter does not exceed si^rth of an Eng¬ 
lish line. They beeome smaller as they reach the outer surface 
of the tooth, and seem to terminate in cells. They send out nu¬ 
merous branches, especially towards their external extremity. 
These tubes, according to Muller, in the tooth, not acted on by 
muriatic acid, arc white and optique, being filled with the calca-* 
reous salts of bone; not in crystals, but in very fine powder 
usually cohering together. The ivory, it would Appear from 
Retzius’s observations, is deposited layer by layer round the sur¬ 
face of the pulp; the most external layer having been first de¬ 
posited. • 

The enamel adheres internally to a thin membrane, which 
long resists water. It consists of hexagonal tubes which proceed 
from tlie membrane. % * 

* On the structure, physiology, and pathology of the tooth. Medico* Chi rurgi. 
cal Transactions, Vol. xxii. •• 

f Phil. Trans, xii. 1002. 

f On the structure of the teeth, the reader is referred to an elaborate paper 
by Retzius, published in the Memoirs of the Stockholm Academy for 1836, and 
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The following table exhibits the specific graTity of the enamel 
of various teeth as determined by my trials: 

‘ * Human temporary tooth, 2 *711 

Human aldult tooth, 2*688 

Hippopotamus, ., 2*750 

‘ Elephant; • . * 2*843* 


Mean, ^ . 2*748 

The’ specific gravity of the ivory of various teeth is as folldVs; 

Human temporary tooth, 2*090 

* Hipnan adult tooth, , ** 2*105 

Cryptenopus Capensis, 2*020 

Hippopotamus, . x . 1*866 ' 

'Walrus, , . *. 1*888 

I I 

•- ^ - 

* Mean, 1 *994 

The specific gravity of the decayed part of a human tooth was 
1*^3^V That of the crusta "petrosa of an clepliant’s tooth was 
1*892. . 


‘The following table exhibits the constituents which I extracted 
from tne enamel of various te'eth: 


4 


Elephant 

Human 

Human 


Hippbpotamus. 

molar 

adult 

temporary 



tooth. 

tooth. 

tooth. 

Animal membrane. 

1-307 

6-80 

19-07 

7*84 

Subsesquiphosphatcoflime, 78*30 

81-55 

64-84 

76-73 

Carbonate of lime, 

12-09 

7-65 

2-63 

7-67 

Afognesid, 

3-92 

1-65 

1-09 

4-09 

Chloride of potassium. 

2-57 

105 

5 1-49 

1-13 

Chloride of sodium, 



UlS 

1-74 

Water, 

0-98 

1-005 



Sand, . 

0-65 

• • • 

0-14 

0-63 


99-817 

% 

99-705 

99-39 • 

99*83 


eihitled Mikroshopisha undersokmngar 'tfver Tandemes, sardeles Tanbenets 
struktur. It contains a very complete history of all that has been done on the 
subiect, together with numerous interesting observations of his own. 

When >Mr Nasmyth’s Researches on the developmentf structure, and diseases 
of the teeth, at present in the press, make their appearance, we may expect a 
great deal of new information; as he has been long and assiduously occupied 
with the anatomy of thes^ organs. His historical introduction already published 
is very complete, and very interesting and instructive. 

* It is obvious from the result of the analysis, that this enamel was not pure, 

4 
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What is morkad sand was in the hippopotamus enamel grains of 

sand lodged mechanically. In human teeth it was dlica, tinged 
slightly with iron. * • 

The following table exhibits the* constituents which I ex¬ 
tracted from the ivory of various specimens bf teeth subjected to 
analysis: • 


• • 

9 


Human 


Hippotamus. 

Wakus. 

adult tooth. 

^Cartilage, 

' 28*87 

32*11 

^5’68 

Subsesquiphosphate of lime. 

48*30 

51*93 

54*14 

Carbonate of lime, • 

7*90 

2*58 

5-76 

Magnesia, •. 

• 1*03 

•0*94 

1*37 

Phloride of potassium. 

0*30 

... \ 

/3*02 

Chloride of sodium, \ 

• •« 

. 3*30/ 

Silica, * . 

. • 

. 0*21 

0*33 

Moisture, 

13*09 

10*33 

* 10*3J* 

• 

99*49 • 

101*40 

10C)*§7 

A carious human tooth, having a specific gravity oi 1*533, 

being subjected to analysis, yielded. 

• 


Cartilage, 

• • 

57*78 



Subsesquiphosphate of lime» 30*00 
Carbonate of lime, « 2*09 

Magnesia with trace of silica 
and peroxide of iron, 2*05 

Chloride of potassium, 1 *25 

Moisture, . 9*45 

102*62 

The crusta petrosa from an elephant’s tooth, having a specific 
gravity of 1*892, being analyzed, yielded the following constitu- 
, ents: 

but contained a good deal of ivory. The animal membrane was at least pdrtly 
cartilage. The deficiency was occasioned by a portion of the cartilage ^ving 
been dissolved in the muriatic acid. The specimen examined vna in powder. 
It was impossible to determine whether it was pure enamel by the eyt. * 
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Caililagc, . 31*04 

Subsesquiphos{)hate of lime, 46*34 


• Carbonate of lime, . 6*32 

Magnesia^ • 2*81 

Common salt, . 4*21 

, Water, • , . # * 10*86 • 

• ^ 

• ' 101*59 


It tlieKfore resembles ivory m its composition as it does in,its 
specific gravity. * The excess observable in som^! of the preced¬ 
ing analyses may have been partly owing to the chlorides of po- 
tasdifbn and sodiuln not existing as such in the teeth but only 
their bl|ses. The analysis threw no light upon this. And 1 was 
unable to extract either an alkali m* a chloride from the teeth by 
simply bailing them in watbr. 

*«Berzclius analyzed the enamel and ivory of difiPerent teeth.* 
The result was as follows: 


• 

• % 

Human. 

Ox. 

Subsesquiphosphate of lime. 
Carbonate of lime, 

88*5 

85*0 

8*0 

7*1 

Phosphate of magnesia., 

1*5 

3*0 

Soda, 

• a • 

1.4 

Brown membranes, alkali water, 2*0 

3*5 


100*0 

100*0 

His analysis of the ivory of teeth gave the following result 

. . • 

Human. 

Ox. 

Cartilage and vessels, 

28*0 

21*000 

Subsesquiphosphate of lime, 

64*3 

63*15 

Carbonate of lime. 

5*3 

1*38 

PhospBate of magnesia. 

1*0 

2*07 

Soda with seme common salt, 

1*4 

2*40 


100*0 

100*00 


Lassaignef published the result of his analysis of the teeth of 
various animals a good many years ago. He did not separate 
the enamel from the ivory; but appears to liave subjected the 

* Truite He Chimie, vii. 479; or Afhandlingar, i. 222. 
t Jour, de Phamiacie, 1. 
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whole tooth to ^malysis at 
results. 

4 

once. The following table 

Animal Phosphate , 

matter. of lime. 

shows his 

Carbonate 

oflimd. 

Tooth of a child aged 1 day, 35 

a 

• 

51 “ 

• 

14* 

Of a child aged 6 years, 

28-57 

• 

60*01 

• 

11*42 

Of an adult ihan. 

*29 

t 

• 

61 

• 

10 

Of a man aged 8Cf years, 

33 

a 

• 

• 66 

• 

1 

Of an Egyptian mummy. 

29 • 

• 

55*5 * 

• 

15*5 

Front t 3 eth of a rabbit. 

31*2 

• 

59*5 . 

• 

"9*3 

Molar of a rabbit. 

28*4 

• 

63*7 

• 

7*8 

Molar of a rat, .* 

30-6 

• 

65*J 

• 

5i3. 

Molar of a boar. 

29*4 

• 

63 

• 

.6*8 

TuSjk of a boar. 

:26-8 

* 

69 

• 

•4*2 

Tusk of hippopotamus. 

•25T 

f 

72 ’ 

• 

2*9 

Front tooth of a liorse, 

31*8 

• 

58*3 

• 

• 10 , 

Molar of a horsej 

29*1 

• 

62 

• 

8*9® 

Front tooth of an ox. 

. 28 


64 


8 

Teeth of an orycteropus, 

' 27*3 

• 

65*9 

• 


Teeth of a gavial, 

30*3 

■ 

61*6 


8*1 

Teeth of a viper. 

30 

• 

76*3 

• 

3*2' 

Poisonous tusks of viper, 

21 * 

• 

73*8 

• 

5 

Teeth of a carp. 

28 

• 

49‘ 

• 

16 

Mr Pepys* made some analyses of teeth many years ago, winch 
it will be worth while to state. 


From the enamel of the human tooth he obtained. 

Phosphate of lime 78 
Carbonate of lime, 6 


Loss and water. 

16 

100 


From the ivory of the teeth*he got, 




Roots of. 

Teeth of 

Milk 


the teeth. 

adults. 

teeth. 

Phosphate of lime. 

58 

64 

62 

Carbonate of lime, 

4 

6 

6 

Cartilage, 

28 

20 

20 

Loss, 

10 

10 

12 


100 

100 

100 


Fox on the Teeth, p. 96. 


m 
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Mr Hatehett examined fossil bones from the rtck of Gibraltar.. 
He found them to conast of phosphate of lime without any car> 
tiUge or soft animal part. Their interstices were filled with car¬ 
bonate of lime. *Hence ftey resemble exactly bones that have 
heen burnt They must, then, have been acted upon by some 
• foreign agent; for putrefaction, or 'lying in the earth, does not 
soon destroy the cartilaginous part of bones. * On putting* a hu¬ 
man os humeri,* brought from Hythe in Kent, and said to have 
been tdken from a Saxon tomb, into muriatic acid, he found the 
cartilaginous residuum nearly as complete as in a recent bone. 
From the experiments of Morichini,* Khiproth,t and Fourcroy, 
and Vauquelin,f we learn that fossil ivory hud teeth of animals 
frequently contain a portion of fluate of lime. Morichini «nd 
Gay-Lussac ehdeavoured to prove <;hat this salt existed even in 
recent ivory, and that the enamel of the teeth was almost entirely 
composed of iL§ But the experiments of Wollaston, Brande, || 
Fourcroy, and Vau(|^uelin1[ have shown that there does not exist 
any sensible portion of fluoric acid iii these substances while re¬ 
cent Berzelius, however, has announced that he separated 3 per 
ce^t, of fluate of lime from fresli teeth, and that he has detect¬ 
ed it afiso in bones nearly i» the same proportion. He even 
affirms thsCt it exists in urine,** 

When the cartilage'■of teeth is boiled in‘water it dissolves 
with the exception of a minute quantity of fibrous matter, which 
may be the blood-vessels. The solution possesses the characters 
of collin, not of chondrin. 


CHAPTER III. 

OF CARTILAGE. 

« 

•The name cartilage is applied to a liard, highly elastic, white 
substance, often with a pearly lustre, which is attached to or 
coifctitptes a part of the texture of bones. The cartilages in the 

• Phil.‘ Mag. xxiii. 265. t Gchicn’s Jour. iii. 625. 

\ PWl. Mag. XXV. 265., § Ibid, xxiii. 265. 

g Nicholson’s Journ. xiu. 216. 5 Phil. Mag. xxv. 266. 

' • Gehl 6 n's Joum. vi- 591. 
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. human body nay be subdivided into three different sets. 1. 
Those which at one period of life existed instead of the bones, 
and which, after tlie bones are formed, constitute an essential 
j)art of the bony texture. These hawe been &lready treated of 
in the last two chapters., 2. Those cartilag^ which cover th^ 
extremities df those boncs*which eonstitute moveable articula* 
tions, and which* are called cartilages aof incrustation. These 
cartilages arc covered with a synovial membrane which adds to 
the polish of their faces. The greater and the more ifioveable 
the articulations are to which these cartilages belong, the thicker 
they arc. In old age,*thcse cartilages are oc^ionally conj^erted 
into bones. A portion of .cartilage tipping the ileum bone sf 
an*ox had a specific gravitjf of 1*1521. 3. The cartila^s which 

unite the ribs to^the sternum or to ^ne another, those of the la¬ 
rynx and of the nose, constitute the third set. They are cover¬ 
ed by a fibrous membrane called perichondrium. They als(> (if 
we except those of the nose) frequently o^ify in old age. 

The facts respecting the structure of cartilages, so faf 2ts in¬ 
vestigated, have been stated in the preceding chapters. They 
seem, if we can confide in the microscopic observations of t*ur- 
kinje, Retzius, and Muller, to coukist of a congeries of vefy minute 
tubes. When these tubes are filled with qalcarcohs salts the 
cartilages are converted into bone. It" is evident from the dis¬ 
eases to which cartilages are liable that they arc supplied with 
vessels. But in ordinary cases these vessels do not seem to con¬ 
vey red blood; though wdien inflammation intervenes they may 
be occasionally seen filled with red blood. *And such inflam¬ 
mations may run the same career as in other organs. * 

In the year 1827, Fromherz and Gugert* analyzed the carti¬ 
lage of the ribs of a young man, aged 20 years, and*found it, after 
liaving been dried as complexly as possible,in the temperature 
of 212°, composed of, , • 

Animal matter, . 96*598 

Salts, , 3*402 


100*000 

The salts being subjected to an analysis were found composed 


* Schweiger’s Jour. 1. 188. 
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Carbonate of soda, . 35‘06& 

Sulphate of soda, . 24*241 

Common salt, . 8*231 

Phosphate of soda, * 0*925 

Sulphate of potash, ^ 1*200 

Carbonate of lime, ' 18*372 

Phosphate of lime, 4*056 

Thosphate of piagnesia, 6*908 
Peroxide of iron and loss, 0*999 

100*000 

, r f 

• The animal portion was soluble by long boiling in water, and 
was contrerted into gelatin. It has ^cn already stated in a for¬ 
mer chapter of this volume,, that Miiller has shown that gelatin, 
fr 9 m the permanent cartilages, differs in i£s properties from coUirif 
or •the gelatin from the skin and serous membranes; being pre- 
cipitated from its solution in water by alum, sulphate of alumina, 
acetate «of lead, and persulphate of iron, which liave no action on 
the aqueous solution of collin. On that account he has distin¬ 
guished it by the name of chofidri?i. The properties of chondrin, 
so far as they have been investigated, have been given in a pre¬ 
ceding chapter of tjiis volume. 

The cartilages of the ribs, those that unite them to the ster¬ 
num and to each other, give chondrin. Muller found that the 
cartilages obtained from bones by removing the bone earth, by 
means of an acid, yielded collin ,* yet the same cartilages before 
ossification has taken place yield chondrin. From this it seems 
to follow that a change takes place in the nature of the cartilage 
during the process of ossification. 

It is probable that the cartilages of eartilaginous fish would 
yield chondrin, thqugh I do not know that the experiment lias 
been tried. 

The cartilages which cover the extremities, of bones destined 
to move on each other, cannot be converted into collin or chon¬ 
drin by boiling in water. When deprived of the membrane that 
covers them, they are much brittler than the cartilages of the 
rilis. So fiir as I know, no chemical analysis of such cartilages 
has been hitherto attempted. Mr Hatchett conceives them to 
have the properties of coagulated albumen. But this conjecture 
would reqmre to be verified by actual experiment before it could 
be admitted as true. 
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It is well k^own that many nsh instead of bones*have carti¬ 
lages. The cartilaginous dorsal vertebra of the Squalm ccmvhi~ 
ensis was analyzed by Marchand,* who obtained frpm it 


Animal combustible matter. 
Phosphate of lime, 
•Sulphate of lUne, ^ • 
Carbonate of lime, •. 
Fluoride of calcium, trace ’ 
Sulphate of soda, 

Qliloride of sodium. 
Phosphate of magnesia, 
Silica^alumina, and*loss, 


# 

# 


,57-07 

• 32-46 

1-87 
2*57 
■ • 
0-80 
3-00 
1-03 

• 1-20 

100-00 


The flat cartilages of the skate gUve him. 

Animal combustible matter, . 78*46 

Carbonate of lime, . 2*61 

Phosphate o^lime, • . 14*20 

Sulphate of lime, . 0*83 

Fluoride of calcium, trace . — * 

Chloride of sodium^ . 2-46 

Sulpliate of soda, . 0-7(X 

Phosphate of magnesia and los^ 0*74 


100-00 

The translucent cartilages consisted almost entirely of animal 
matter, as had been previously shown by Chevreul. , 


CHAl’TER IV.* 

OF MARROW. 

The hollows of the long bones are, in living animals, fill^ with 
a peculiar species of fat matter, to which the name of fJtarrow has 
been given. In some bones this matter is a good deal mixed 
with Wood, and has a red colour -, in others, as the thigh bones. 


tt 


Poggendotfs Annalen, xxxviii. 854. 
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it is purer, 4nd has a yellow colour. Various experiments on 
this matter were made by the older chemists, showing it to be 
analogous to finimal fats,* and pointing out some of its peculia¬ 
rities. Berzelius has examined it in detail, and published the re¬ 
sults of his experiments.t The marrow on which his trials were 
iphde was obtained from the thigh-bone of an ox. 

1. When marrow is digested in cold water it becomes lighter 
coloured, while the water acquires the colour which it would have 
received had it been digested on blood. When this water is 
boiled it becomes muddy, and a dark-brown matter precipitates. 
This matter consists of coagulated albung^cn mixed with some 
phosphate of lime, and phosphate of iron. A. small portion of a 
yellow-coloured salt is dissolved by the action of alcohol or wa¬ 
ter. This matter, separated from marrow by water, is obviously 
owing to the blood with which it was mixed. The quantity which 
Be^^elius obtained from marrow amounted to i^^jth part of the 
whole. The portion of it dissolved by water and alcohol con¬ 
sisted. partly of gelatin' and common salt, and partly of the pe¬ 
culiar brown extractive matter obtained by Thouvenel from the 
muscles of ahimals, which will be described in a subsequent chaj)- 
ter, when, treating of the muscles. The proportion of these sub¬ 
stances obtained by Berzelius from marrow amounted to about 
^^^th part of the whole. , 

2. When marrow is boiled in water, the greatest part of it 
melts and swims upon the surface of the liquid. The water is at 
first muddy and milky, but becomes transparent on standing. 
When pa^ed throi'gh the filter, a substance is separated which 
becomes greyish-green, and semitransparent when dry. More 
of this matter precipitates when the liquid is evaporated. When 
the water is evaporated to dryness, a substance is obtained of a 
sharp aromatic taste like the marrow of roasted meat These 
•two substances consist chiefly of exfractive, gelatin, and a pecu¬ 
liar substance, which approaches the nature of albumen in its 
projierties. 

3. When marrow, thus purified, is melted in water and passed 
throv^h a cloth, a quantity of blood-vessels and skins remain up¬ 
on the cloth, amounting to about ^ ^{jth part of the whole, 

4. Marrow, thus freed from its impurities, has a white colour 
' with a shade of blue; its taste is insipid and rather sweetish. It 

• Neumann s Chemistry, p. 560. f Gehlen’s Jour. 2d series, ii. 287. 
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softens by the heat of the hand, hnd melts when heated to 113^. 

' When cooled slowly, it crystallizes in sphericles like oUve oiL 
It bums with a flame like tallow. When distilled, jt gives first 
a transparent fluid yellowish oil, accompanied, by carbonic &id 
gas, water, and heavy inflammable air. Afterwards there comes 
over a white §plid oil, accDiQpanied by^ less copious evolution of^ 
gaseous bodies, an^ which does not become dark-coloured, as 
happens when tallow is distilled. This had already been obser\'- 
ed by Neumann. This solid oil haS a disagreeable smell, a/nounts 
to 0*3 of the m^row distilled, reddens vegetable blues, and when 
boiled in water, gives ^ut a portion of sebacic acid, which Berze¬ 
lius considered as banzoic acid. • • • • 

^hc empjrreumatic oil combines readily with alkalies agd their 
carbonates. With the latter it forms a snow-white soap* insolu¬ 
ble in water, though it increases in bulk when placed in contact 
with that liquid. It combines also with the earths, and forms 
soaps likewise insoluble in water. 

The water which comes Qver during thc^listillation of iqarrow 
is colourless, has a fetid and sour smell, and an empyreumatic 
taste. It contains a little acetic acid, empyreumatic oil, and pro- 
liably sebacic acid; but exhibits no traces of ammonia.« * 

The gaseous products amount to ^‘^th of the marrgw distilled- 
They contain no sulphur nor phosphor^, anti consist of carbo¬ 
nic acid and heavy inflammable air, which bums with a white 
flame, and seems to contain oil in solution. 

The charry matter in the retort amounts to 0*05 of the mar¬ 
row distilled. It is dark-brown, heavy, and bislliant. ^t is inci¬ 
nerated with difficulty, and leaves an ash consisting of phosphatg 
of lime, carbonate of lime, and some soda. 

5. Concentrated sulphuric acid dissolves marrow without the 
as^tance of heat The solution has the appearance of a brown 

^ syrup; and when the acid is (£luted with water, the marrow se- , 
parates unaltered. WHben heat is applied, the acid decomposes 
the marrow and forms a resinous coal. • 

Diluted nitric add digested on marrow, in a moderate heat, 
renders it yellow, and gives it more consistence, and the small of 
old bones. Concentrated nitric acid dissolves marrow witliout 
the assistance of heat, and the marrow is not precipitated by the 
addition of water. *• 

6. Marrow combines with alkalies and forms soap. Boiling 
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alcohol and ether dissolve'a snufil portion of it,Vhich precipitates 
agun as the solution cools. 

Marrow the thigh-bone of an ox was found by Berzelius 
to be composed of the following substances: 




Pure marrow, 

^ Skins and blood-vessels, *. 
Albumen, c 
Gnslatin, 

Extractive, ^ > 
Peculiar matter. 

Water, 


0*96 

0*01 

0-03 


' 1-00 

Froifl the p^eding detail it appears, that pure marrow is a 
species of fixed oil, possessing peculiar propert'es, and approach- 
ii|g someVhat to butter in its nature. But it differs considerably 
in its appearance in different parts of the body, owing cliiefly, in 
all prpbabilily, to a greater or smaller mixture of blood. 


CHAPTER V. 

« 

OF SHELLS. 

Under the name of sfieUs I include all the bony coverings of 
the different specjjes of shell-fish. For almost all the knowledge 
of these'substances that we possess, we are indebted to the im¬ 
portant dissertations of Mr Hatchett. A few detached facts, in¬ 
deed, liad been observed by other chemists; but his experiments 
gave us a sySematic view of the constituents of the whole class. 

Shells, like bones, contist of calcareous salts united to a soft 
animal matter; but in thenr the lime is united chiefly to carbo¬ 
nic acid, whereas in bones it is united to phosphoric acid. In 
shells the |h*edominating Ingredient is carbonate of lime, where¬ 
as gi bones it is phosphate of lime. This constitutes the charac- 
teTi8tic*difference in their composition. 

Mr Hatchett has divided shells into two classes. The first are 
usually of a compact texture, resemble porcelain, and have an 
enamelled sur&ce, oftra finely variegated. The shells belong¬ 
ing to tills class have been distinguished by the name of porcela- 
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fieous shells. this class belong the Tarious spedes of vohtUtf 
cypraa, &c. The shells belonging to the second class are usu¬ 
ally coyered with a strong epidermis, below which lies the sj^ell 
in layers, and composed entirely of thc^ substance well known by 
the name of mother-of-pearl.* They have be^ distinguished by 
the name of mother-of-pedrl^heUs, ^he shell of th^ fresh water % 
muscle, the Haliotis^irisy the Turbo olectirii/fp, are examples of such 
shells. The shells of the first of^tliese classes *contain a very 
smdl portion of soft animal matter; those of the second contain 
a very large proportion. Hence we see that they are extremely 
different in their composition. • 

1. Porcelaiieous shells, when e^osed to a*red heat, crSckle 
and Jose the colour of their enamelled surface. They qinit no 
smoke or smell; their figure continues unaltered, their colour 
becomes opaque ^hite, tinged partially with pale-grax. They 
dissolve when fresh with effervescence in acids, and without lea^ 
ing any residue; but if they have been burnt, there remains al* 
ways a little charcoal. The solution is transparent, giY«s« no 
precipitate with ammonia or acetate of lead; of course, it con¬ 
tains no sensible portion of phosphate or sulphate of lime. C^- 
bonate of ammonia throws down an abundant precipitate^of car¬ 
bonate of lime. Porcelaneous shells, then, consist of •carbonate 
of lime cemented* together by a smaM portion of an animal 
matter, which is soluble in acids, and therefore resembles ge- 
latin.f 

Patellae from Madeira, examined by Mr Hatchett, were found, 
like the porcelaneous shelly to consist of carboifate of lime; but 
when exposed to a red heat, they emitted a smell like horn; and* 
when dissolved in acids, a semiliquid gelatinous matter was left 
behind. They contain, therefore, less carbonate jof lime^nd 
more gelatin, which is of a more viscid nature than that of^or- 
«elaneous shells. 

2. Mother-of-pearl shells, when exposed to a red heat, crackle^ 
blacken, and emit a strong fetid odour. They exfoliate, andl^ 
come partly dark-grey, partly a fine white. When immersed in 
acids, they effervesce at first strongly ; but gradually more ffnd 
more feebly, till at last the emission of air-bubbles is scarcely 

perceptible. The acids take up only lime, and leave a number 

•• 

• Herissant, Mem. Par. 1766, p. 22. Hatchett, Phtl. Tcaaa. 1799, p. 917. 

^ Hatchett, Phil. Trana. 1799, p. 317. 
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of thin membranous substances, which still retain the form of the 
shell. From Mr Hatchett’s experiment^ we learn that these 
m^branesiiave the properties of coagulated albumen. Mother- 
of-pearl shells, then, are imposed of alternate layers of coagu¬ 
late albumen and carbonate of lime, beginning with the epider- 
•mii^ and ending with the*last-formed membrane. • The animals 
which inhabit th^ sh^lf increase their habitation by the addi¬ 
tion of a stratuili of carbonate^ of lime, secured by a new mem¬ 
brane ;* and as every additional stratum exceeds in extent that 
which was previously formed, the shell becomes stronger as it 
becoihes larger.* 

Oyster shells,' according to the analysis of Bucholx and 
Brandtss, are composed of 


Albuminous matter. 

. 0*5 

Lime, 

54-1 

Carbonic acid. 

. 44*5 

Phosphate of lime, 

1*2 

Alumina, . *' . 

0*2 


100-51 


The scales on the outside of oyster shells, according to the 
analyffls of John, are composed of 

Animal mattef soluble in water witfn 1 
common salt and trace of phosphates, J 
Ditto insoluble in water, . . If) 

Carbonate of lime, . . .87 

• loot 

Though this in general is the structure of the mother-of-pearl 
shqjjjl^, yet there is a considerable difference between the propor¬ 
tion of the component parts and the consistency of the albumi¬ 
nous part Some of them, as the common oyster-shell, approach 
i^early to the patellse, the albuminpus portion being small, and 
its conedstence nearly gelatinous; while in others;, as the Haliotis 
iris, the Turbo oleariuSf the real mother-of-pearl, and a spemes of 
firSsh-water muscle analyzed by Hatchett, the membranes are 
‘ distinct, thin, compact, and 8emitran8parcnt§ Mother-of-pearl 
contains 

* Uatebett, PhiL TrasE. 1799, p. 317. t Omelin's Handbuch, ii. 1477. 
t CbfMi. Srbr. vi. 103, § Hatcbett, Phil. Trana. 1799, p. 317. 
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• Carbonate of lime, 66 
Membrane, . 24 

’ • 90* • 

• a • • » • • 

Pearl, a wfill-known glotfular concretion, which ns formed in* 
some of these shells, resembles them exactly in its structure and 
composition. It is a beautiful substance of a bluish-white colour, 
indecent, and brilliant It is composed of concentric and alter¬ 
nate coats of thin membrane and carbonate of lime. The iri¬ 
descence is 
ture.t 

It is said that the inhabita|its of Ceylon have discovered a very 
remarkable way of bleaching pearls ^hat have b^me yellow. 
They mix them with the seeds mingled with earth, with which 
they feed their fowls; the birds swallow the pearls; the 8toma6n 
is opened in one or two minutes after, and the pearls are found 
perfectly bleached. Were *they left too long in the stodidch, 
they would doubtless be dissolved4 If this statemeid^ be true, 
might not the pearls be bleached by steeping them in a very di- 
. lute muriatic acid for a minute or*two. * 

Mr Hatchett found that what is called the hone of *the cuttU 
fish is exactly similar to mother-of-pearl shells in its composition. 

From the comparative analysis of shells and bones, Mr Hat¬ 
chett was induced to compare them together, and has shown that 
porcelaneous shells bear a striking resemblance to enamel of 
teeth; while mother-of-pearl shells bear the same reseiAblance 
to the substance of teeth or bone; with this difference, that in * 
enamel and bone the earthy salt is phosphate of lime, whereas in- 
shells it is pure carbonate of lime. • 

• ^ 

• * Merat-Guillot, Ann. de Chim. xxiy. 71. 

t Hatchett, Phil. Trana. 1799. \ Jour de Pharmacie, xi. 17A. 


obviously tRe consequence of the Jamellated s^o- 
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CHAPTER VI. 


OF CRUSTS. 


^ Bv crusts we understand those bony coverings of which the 

• whole external surface of crabs, lobsters, and otter similar sea 
animals are composed, *Mr Hatchett found them composed of 
three ingredients: 1. A cartilaginous substance, possessing the 
proj^ilies of coagulated albumen; 2. Carbonate of lime; 
3. Phosphate of lime. By the presence of this last substance 
they tee essentially distinguished from ^ells, and by the great 
excess of carbonate of lime above the phosj^ate they are equally 
distin^bished from bones. Thus tte crusts lie intermediate be¬ 
tween bones and shells, p^taking •of the properties and consti¬ 
tution of each. The shells of the eggs of fowfs must be referred 
likewise to the class of crusts, since they contain both phosphate 
and carbonate of lime. The animal cement in them, however, 
is mileh smaller in quantity. From'the experiments of Berniard 
and Hatchett, it is extremely probable that the shells of snails 
ans composed likewise of the same ingredients, phosphate oflime 
having"been detected in thenpby these chembts. 

Mr Hdtchett ^omined the crusts of crabs, lobster^ prawns 
and Cray fish. Whed immersed in diluted nitric acid these 
crusts effervesced a little, and gradually assumed the form of a 
yellowbh-white soft elastic cartilage, retaining the fonn of the 
crust The solution yielded a precipitate to acetate of lead, and 
ammonia threw down phosphate of lime. Carbonate of ammonia 

* threw down a much more copious precipitate of carbonate of lime. 
On examining the crust which covers different species of echini, 
Mr Hatchett found it to correspond with the other crusts in its 
compontion. Sopie species of •star-fish yielded phosphate of 
lime, others none; hence t^e covering of that genus of animals 
sgems to be intermediate between shell and crust 

With these observations of Mr Hatchett the analysis of Me- 
rat-Guillot corresponds. From lobster crust he obtained, 

• , Carbonate of lime, . . 60 

Phosphate of lime, . 14 

Cartilage, . . 26 

100* 


* Ann. de Cbim. xxziv. 71 
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One hundred p^rts of cray fish crust contain 

Carbonate of lime, . 60 

Phosphate of lime, . . 12 • 


Cartilage, 


• • 


28 


100 * 


JolfR analyzed ^e shield or shell df the fresh water crab in 
181 If And extracted from it the following constituents. 
Cartilage, ... . 83*^ 

Carbonate o^lime, including a little common sall^ 1 61*0 
iron, manganese, and colouring matter, / * 

Phosphate of limej • . * . ^'7 

• • 

. • 100*0 

Lobster’s claw^ were subjected to analysis by M. P^gurus in 
1823. He obtained 

Animal matter, 

Carbonate of Hme, 

Phosphate of lime. 


17*18 
• 68*36 
14*06 


• 

99*60t 

The shell of the lobster gave him 

• 

Animal matter, . t 

* 28*6 

Soda salts. 

1*6 

Carbonate of lime, 

62*8 

Phosphate of lime. 

6*0 

Phosphate of magnesia 

• 1*0 

100*0 

One hundred parts of hen’s egg-shells contain • 

Carbonate of lim^ 

89*6 

. Phosphate of lime. 

6*7 

Animal matter. 

4*7 

* Merat'Guillot, Ann. de Chim. xxjdv. 71. 
f Chemische Untersuchungen, U. 49. 
f Schweigger's Jour, xxxix. 440. 

§ Vauquelin, Ann. de China, xxix. 6. ** 

100.0§ 
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CHAPTER VII. 

OF ZOOPHYTES. 

' t 

Many of the substances called zoophyUs liave the hardness 
•uid appearance of shell dr hone, and may therefore be included 
among them without injp^opriety. Others, indeed, are soft, and 
belong rather tb the class of ^membrane or horn; but of these 
veiy fe^ only have been examined. Indeed scarcely any^chemi- 
cal experiments have been published on these interesting subjects, 
if we except the dissertation by Hatchett, in the Philosophical 
Traiisactions for 1800, which has been so often quoted. From 
this dissertation, and from a few ey 4 )eriments of Merat-Guillot, 
we learn that the hard zoophytes are composed chiefly of three 
ingredients: 1. An animal substance of the nature of coagulat¬ 
ed albumen, varying in consistency; sometimes being gelatinous 
and almost liquid, at others of the consistency of cartilage. 2. 
Caid)opate of lime. 3. Phosphate or lime. 

In some zoophytes the animal matter is very scanty, and phos¬ 
phate of lime wanting altogether; in others the animal matter is 
abundant, and the earthy salt<^ure carbonate of lime; while in 
others the animal matter is abundant, and the hardening salt a 
mixture of carbonate of lime and phosphate of lime; and there 
is a fourth class almost destitute of earthy salts altogether. Thus, 
there are four classes of zoophytes; the first resemble porcelane* 
ous shells, the second resembles mother-of-pearl shells, the third 
resembles crusts, 'and the fourth horn. 

< 1. When the Madrepora virginea is immersed in diluted nitric 

acid it efiervesces strongly, and is soon dissolved. A few gela¬ 
tinous particles float in the solution, which is otherwise transpa¬ 
rent and colourless. Ammonia*precipitates nothing; but its 
carbonate throws down abundance of carbonate of lime. It is 
composed, then, of carbonate of lime and a little animal matter. 
T^e following zoophytes yield nearly the same results: 

Madrepora muricata. 

* * -labyrinthica. 

Millepora ccrulea. 

.. alcicomis. 

lAibipora musica. 

2. When the Madrepora ramea is plunged into weak nitric 
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acid, an effervescence is equally produced; but aftei^all the so- 
* luble part is talcen up, there remains a membrane which retains 
completely the original shape of the madrepore. The substance 
taken ilj) is pure lime. Hence this madrepore is composed of 
carbonate of lime, and a membranaceous substance which, as in 
mother-of-pearl shells, reftains the figure of the ma^epore. The^ 
follomng zoophytes yield nearly the same results: 

Madrepora fasciculafis. • 

Millepora celfulosa. 

^ -fascialis. 

—5 -truncata. 

Jris hippuris. • • 

The following substances^ analyzed by Merat-Guillot^bolong 
to this class from their comj^osition, though it is .difficult to say 
what are the speeies of zoophytes which were analyzed. By red 
coral he probably meant the Gorgonia nobilis, though lhat sub¬ 
stance is known, from Hatchett’s analysis to contain also some 


phosphate. 

€ 

White Coral. 

• 

Red Coral. 

• • 

Afficulatcd 

Coralline. 

A 

Carbonate of lime, 

50 

53-5 


Animal matter. 

50 

46*5 

. • 51 

• 

100 

ldt )0 

100* 


3. When the Madrepora polymorpha is steeped in weak nitric 
acid, its shape continues unchanged; there remaining a tough 
membranaceous substance of a white colour and opaque, filled 
with a transparent jelly. The acid solution yields a slight pre¬ 
cipitate of phosphate of lime when treated with ammonia, am^ 
carbonate of ammonia throws down a copious precipitate of car¬ 
bonate of lime. It is composed, therefore, of animal substance, 
partly in the state of jelly, partly in that of membrane, and har- 
. dened by carbonate of lime together with affitUe phosphate of 
lime. 

Flustra foliacea, treated in the same manner, left a finely re¬ 
ticulated membrane, which possessed the properties of coagulated 
albumen. The solution contmned a little phosphate of lime,«nd 
yielded abundance of carbonate of lime when treated with the 
alkaline carbonates. The CoraUina opuntia, treated in the same 

* Meret-Guillot, Ann. de Cbiin. xxxiv. 71. 
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manner, y'felded the same constituents; with this difference, that 
no phosphate of lime could he detected in the fresh coralline, but 
the solution of burnt coralline yielded traces of it The Iris ochra^ 
c«a*extiibits the same phenomena, and is formed of the same con¬ 
stituents. When dissolved in weak nitric acid, its colouring mat- 
^ter falls in the state of a .fine red powder, neither soluble in ni¬ 
tric nor muriatic acid, nor clianged by them whereas the ting¬ 
ing matter of tha Tubipora musica is destroyed by these acids. The 
branches of this iris are divided by a series of knots. These 
knots are cartilaginous bodies connected together by a membra¬ 
nous coat. Within this coat there is a conical cavity filled with 
the*e&rthy or coralline matter ; so that, in the recent state, the 
branches of the iris are capable of considerable motion, tlie kpots 
answering the purpose of joints. 

Wlicn the Gorgonia nobiliSi or red coral, is immersed in weak 
n^c acid, its colouring matter is destroyed, an efiervesceuce 
takes place, and the calcareous part is dissolved. There remains 
an external tubulated membrane of s. yellow colour, inclosing a 
transparent gelatinous substance. The solution yields only car¬ 
bonate of lime : but when red coral is heated to redness, and 
thmi dissolved, the solution yields a little phosphate of lime also. 
Red coral .is composed of two parts: an internal stem, composed 
of gelatinous matter ard carbonate of lime ; and an external 
covering or cortex, consisting of membrane hardened by the cal¬ 
careous salts, and both coloured by some unknown substance. 

The Gorgonia ceratophyta likewise consists of a stem and cor¬ 
tex. The stem's composed of cartilage, hardened chiefly by 
,phosphate of lime; and containing little carbonate of lime; but 
the cortex consists of membrane, hardened almost entirely by 
carbonate of^lime. The Gorgonia flabeUum is almost exactly si¬ 
milar. The cortex of the Gorgonia sufferosa yielded gelatine to 
boiling water; when steeped in acids, it left a soft yellowish mem¬ 
brane, and the acid had taken up a little phosphate and a large 
portion of carbonate of lime. The stem contained scarcely any 
earthy salt. When hiumt, it left a little phosphate of lime. To 
waler it yielded a little gelatin; but it consisted chiefly of a 
horny substance analogous to coagulated albumen. The Gorgth- 
nia setosa and pectinata exhibited the same phenomena. 

4. Gorgonia antiphetes, like the other species of gorgonia, has 
a homy stem, but it is destitute of a cortex. To boiling water 
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it gives out some gelatin. Wh& steeped in nitric %cid it be> 
comes soft, an^ exhibits concentric coats of thin opaque brown 
membranes, of a ligneous aspect It contains nq earthy salt 
With potash it forms an animal soap^ and pq^sses nearly the 
properties of horn. • 

The stemsyof the Gor^imia umhra^um and verrucosa resembtg 
that lof the Gorgonia antiphates ; but these are both provided 
with a cortex composed of membrane and carbonate of lime. 

^The Antiphates ulex and mpriophpla resemble almost e^Cactly 
the horny steiq of the Gorgonia antiphates. 

Mr Hatchett anal^ed many species of sponges, but found 
them all similar in 4heir composition. The €p<mgia can^Rata^ 
oailata, infundihuliformis, jmlmatai and offidnaUs, mayjbe*men- 
tioned as specimens. They consist of gelatin, whiclf they gra¬ 
dually give out to water, and a th!h brittle membranous sub¬ 
stance, which possesses the properties of coagulated albuiqin. 
Hence the effect of acids and alkalies on them. 

The Alcyonium Jicusy asbestinum, and adioreum, resemble,very 
much the cortex of the Gorgonia suberosa in their composition. 
They yield a little gelatin to water. In nitric acidlhey soften, 
and appear membranous. The |uad takes up the carbonate of 
lime, and likewise a little phosphate, at least when the substance 
has been previously boated to redness.* 


CHAPTER VIII. 

OF BRAIN AND NERVES. 

The hrain, that wonderful part of the hunugn body upon 
which the exercise of the diffegrent senses and of the understand¬ 
ing depends, is rituated within the cranium* and is usually di¬ 
vided into the cerebrum and the c^ebellum, or the brainy and the 
little hrain. The cerebrum is situated farthest up, and is*'ihe 
part of the brain which comes into view when the parietal and 
frontal bones arc removed. In an adult individual it js about 
eight times the size of the cerebellum. 

The brmn is enveloped in three membrane^ which have re¬ 
ceived the names of the dura mater, pia nutter, and arachnoid mem- 
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hrane* TRe dura maters which is most external of the three, is 
thick, firm, and resosting, and consists, in fact, of the two coats • 
the outermost one being fibrous, and the innermost serous. It 
lines the cranium or scull, to which it is attached, while,* at the 
same time, it inyests the brain, and sends in processes which are 
^terposed between its different parts. ‘ The rmter, which is 
in contact with the brain, b a thin lamella of cellular tissue, per¬ 
meated by nimierous minute capillary arteries. It invests the 
med^Uor spirudU as well as the'brain, and dips into the sulci ^ 
tween the convolutions of the latter. The araclynxnd membram 
is smooth and transparent. One part of it invests the spinal 
cord^nd the brainy passing ovar its surface, without dipping into 
the convolutions. The other lines t|?e dura mater and its several 
processes ^th which it is connected.' 

The brain occupies the 'principal part of tke cranial cavity. 
IlSk superior surface is convex and arched; and is divided into 
two equal and similar hemispheres by the duplication of the 
durti imter called the falx. The surface of the brain is render¬ 
ed unequal by several depressions and elevations marked upon 
it The elbvations are called cmvolutionSf and are situated be~ 
tw^n thedepresrions. The brajn itself consists of two substances ; 
the outermost portion has a gray colour, and is called the corti¬ 
cal part, while the innermost portion, which is white, b called the 
medullary part The cortical part forms a layer of variable 
thickness on the surface of the cerebrum and cerebellum. It is 
found also within the brain; sometimes it b covered by the me¬ 
dullary portion; sometimes it seems intimately mixed with it; 
or the two substances are dbposed in alternate layers. 

The first person who attempted to ascertain the structure of 
the brain by microscopic observations was Leuwenhoek. In the 
year 1674, he announced that the medullary portion of the brain 
of a cow was comp&sed of very subtile globules.* Della Torrd 
stated that the brain consbted'^of a pulpy matter swimming in a vis- 
rifi and transparent fluid.t According to the microscopical obser¬ 
vations of Ehrenberg,t the cortical substance of the brain con- 
risfcr of ,a fine net-work of vessel^ in many places containing par¬ 
ticles'of blood. Thb net-work is connected with the vessels of 
the pia mater. Berides tins fine net*work, the cortical portion 

* Pbil. Trans, xi. 106. f PoggendorPs Annalen, xxviii. 449. 

I Ibid, xxviii. 451. 
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of the brain cohosts of a very fine granular soft mass, in which 

here and there larger grains are deposited in nests or layers. 
The larger grains are free; the very fine grains, whenever their 
sofines^ smallness, and transparency ^llow them to be seen, are 
united together in rows by very delicate thresRls. The white or 
medullary substance shows *0180 m^ny distinct fibpes, continua*, 
tions of the cortical fibres, and passing in the same direction to> 
wards the base of the brain. They are not simple cylindrical 
threads; but resemble strings of pearls, the pearls not beifig in 
contact, but kept at a little distance from each other. They are 
always straight, comnponly parallel, sometimes crossing* each 
other; in some rare^ cases they may be seen 'splitting into* tVro, 
butaiiot anastomosing. Ne|r the bases of the brain we find be¬ 
tween knotty bundles of fibrps much thicker fibres always isolat¬ 
ed. These last ^ow distinctly an inficr and outer limit of their 
walls, froiifiwhich it is evident that they are hollow tul^s. 
may call them varicose tubes or canals, because they swell out 
in many places, resemblinglittle blown bladders attached to each 
other by a narrow tube. 

The interior of these varicose tubes is quite transparent^ so 
that we might conceive them to Jse filled with vapour*or with 
water. The milk-white colour which they have when viewed by 
the naked eye, is owing to the liquid contained in them, being of 
a milk-white colour, and somewhat muddy. Tliis matter even 
when magnified 3000 times, does not exhibit any granular sub¬ 
stance as the cause of this muddiness. The milk-white colour 
is wanting in the cortical substance of the brain. It consists of 
the points or beginnings of the varicose tubes, which exhibit* 
their walls or boundaries, but want the bulky contents which 
exist in the medullary tubes. From this it is evident that the 
white colour is owing entire}^ to the contents of the tubes. 

• When the tubes are tom, they contract; but nothing can be per¬ 
ceived coming out of them. The large brain tubes converge to¬ 
wards the place in the basis of the brain from winch the nerfhs 
proceed, and pass over their origins. 

The nerves of the senses—^seeing, hearing, and 8mellipg,*to- 
gether with the great sympathetic, consist of cylindrical parallel 
tubes about T^uth of a line in diameter, running close to each 
other, but not anastomosing. They afd united in bundles, 
which again form larger bundle^ called nervous cords. Each 
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bundle witn the whole cord is covered by a continuation of the ph 
maier, Veiy often different nervous bundles unite by fcibe 
anastomosesr the tubes of one bundle pasang into another, and 
running along with it; yet two tubes never unite together so as 
to become one, as happens with the blood-vessels. In the great 
Jsympathetic pinute-jointed or varicose tubes may., be distinctly 
seen mixed with larger cylinders. 

The first attempt to analyze the brain was made by M. Thou, 
ret iu L790.* It was at that time that a vast number of dead 
bodies which had been hurried in the Saintes Innocmi burial- 
ground in Paris were exhumed, and it whs observed with some 
surpHse, that in many of these bodies the bmin, after an interval 
of a'graat many years, remained still unaltered, and free ftom 
putrefaction. •M. Thouret made some experiments on the brain, 
in order to account for this long preservation, and concluded from 
tL^m that the brain is a soap, composed of an oily matter similar 
(if not the very same) with spermaceti united to a fixed alkali. 

Ip «1793 M. Fourcroy published a^sct of experiments on the 
brains of calves, sheep, and man. * He showed that the brain, 
besides the animal matter of which it chiefly consists, contains a 
small quantity of the phospha^s of lime, ammonia, and soda; 
but no free fixed alkali, as Thouret had stated. He subjected 
the animal matter' of brain to the action of heait, of water, of sul¬ 
phuric add, of dilute nitric acid, of muriatic add, and of alcohol. 
The last reagent when boiled with brain dissolved a portion of 
it, which was deposited, as the alcohol cooled, in brilliant plates 
of a yellowish-wbite colour. This was the substance which 
Jlhouret considered as analogous to spermaceti; but which Four¬ 
croy showed had no analogy whatever to that substance. He 
considered it^as constituting a peculiar substance differing from 
every other; (though he did not^ distinguish it by any peculiar 
name,) but approaching nearer to albumen than to anything else. 
In 1812, Yauquelin publidied a set of experiments on the cere¬ 
bral matter of man and some other animala| He treated the 
brain succesdvely with boiling alcohol as long as that liquid con- 
tin%:ed to dissolve anything; it depodted, on cooling, a white 
matter in platen the same as had been previously observed by 


* Jour, de Phys. xxxviii. 929. f Ann. de China, xvi. 282. 

t Annals of Philosophy^ i. 332, or Ann. de China. Ixxxi. 37. 
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Fourcroy. Ai^other &tty matter remained in solution, and was 

obtained by distilling off the greatest part of the alcohol, and 
drying the residue by heat Vauquelin concluded from his/^L- 
periments that the constituents of the ];»riun ware 
Water, . 8(WX) 

White fattjp matter,, * 4*53 

Reddish fatty matter,* ^ 0*70 

Albumen, • ^ • 7*00 

Osmazome, . 1*12 

• Phosphorus, . . 1 *50 

Acids,»salts, and sulphur, 5*15 

• Y 100*00 f • 

The salts were phosphates oi potash, lime, and iftagnesia and a 
little common salt • 

In 1816 a number of experiments on the brain of calves ailtd 
oxen was published by John. * In 1830 Lassaigne gave a che¬ 
mical analysis of the retinA and the optic nerves, f ThQTratina 
has been generally considered by anatomists as a mere expansion 
of the optic nerve, and this opinion has been confirmed by I^^ 
saigne, who found the constituents of each the same, excepting 
that the retina contained much more water than the optic nerve. 
The constituents 6f the retina were, * 

Water, .... 92*90 

Saponifiable fat and cerebrin, . 0*85 

Albumen, .... 6*25 

100*00 

While the optic nerve gave. 

Water, .... 70*36 

Cerebrin, . •. . . 4*40 

Osmazome and common^salt, . 0*42 

Gelatin.2.75 

Albumen, .... 22*07 

100*00 

In 1834, M. Gouerbe published an interesting set of experi¬ 
ments on the brain.^ He employed both alcohol and ether as 


* Chemische Untersuchungen, iv, 160. 
t Ann. de Chim. et de Pbys. xlv. 215. 


t Ibid. Ivi. 160. 
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solteotS) and discovered, beddes Yauquelin^s tj^hiie substance, 
to which the name of cerehrote was given, four other constituents, 
nan^ely, chalcsteriny cephalatey stearoconotey and eleanceplwlote. 

An elaborate set of experiments on the analysis of the brain 
' was published by Fremy in 1841. * He confirmed the existence 
of cerebrote m?d cholesterin, c^iscovered by Vauquelln and Couer- 
be. But showed that certsbrote, when pure, possesses acid pro* 
perties, and on that account distinguished it by the name of cere* 
brie add. He found also in brmn an acid to which he gave the 
name of ohophasphoric ; which he condders as a compound of 
olein «(tad phosphoric acid. He extracted- also oleic and marga- 
ric acid from braini and agrees with Vauqudin in admitting the 
presehcl of a considerable quantity rf albuminous matter. The 
cephalote, stearbeonote, and elconcepholote of Couerbe, M. Fremy 
could not obtain. He considers them as mixtures of the differ* 
exfroily acids contained in the brain, and difibring in their pro¬ 
perties, and in the proportion of their constituents according to 
circunistances. 

All that has liitberto been done towards an analysis of the brain 
is b)) determine the natiure of the substances which are tahen up 
firom it liy ether and alcohol. After the action of these substances 
has been exhausted^ the residual mattm* is almost as bulky as ever. 
And this retidual mattef has not yet been subjected to exami¬ 
nation. It consists, doubtless^ of the minute varicose tubes de¬ 
scribed by Ehrenberg. The nature of this matter has not hither¬ 
to been determined; but it contains a very great proportion of 
water. CouerbeVanalysis being the completest, it will be proper 
to state the results which he obtained. The brain was in the first 
place stripped off the coats which cover it, and washed in cold 
water in order to deprive it as completely as possible of blood. 

It was then reduped to pulp in a mortar and macerated in cold 
ether. Four successive macerations were requisite to deprive the 
br^n of every thing which the ether was capable of dissolving. 
Indeed the first maceration did little more than deprive it of wa¬ 
ter.^ The ether being distilled off, and the residue dried in a 
capsule'to drive off the reridue of ether, what remained was a 
wHte fotty substance, partly in streaks and partly in graina 
When the brain thus treated was from a sound individual, almost 
the whole of this matfer was cerebrote. When the brain was 

* Jour, de Pharm. xxvii. 453. 
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^ that of an insai^ person, the cerebrote was combined with some 
otlier substances. To separate them digest the fatty residue in 
a little ether. Sometimes the cerebrote remains nndissolxBd, 
and may be obtained by pasting the e^erial solution through a 
filter. When the ether dissolves the whole, as sometimes hap¬ 
pens^ we mus^ evaporate to drive ofi^thb ether, ancLdhen subject* 
the wHite fatty matter to the action of bojling alcohol. The al¬ 
cohol dissolves three difierent fatt); bodies, one df which is cere¬ 
bri^, and leaves undissolved a sold brown substance resembling 
wax. • 

When this brown substance is digested in ether, the gb^ter 
part of it is dissolved^ but a brown* powder remains, which Cou- 
erbe has distinguished by th| name of stearoconote, i 

The ether bein^ evaporat^, leaves^ a faun-colofired substance, 
which cannot be sufficiently dried to assume the form of a pow¬ 
der. To this brown matter Couerbe has given the name of •!- 
phalote. It was first noticed by Kulin; but it is to Couerbe we 
are indebted for the knowledge of its properties. • 

The alcoholic solution is filtered through animal charcoal, 
and then left to itself. White fatty crystals are depotite^ mud 
an additional quantity of them is obtained by concentrating the 
liquid. These crystals being treated with et^r, cerelflrote is left 
in a state of puritjr, while the ether dissolves a quantity of cAo- 
lesterin, which may be obtained in crystals by evaporating the 
etherial liquid. 

When the alcoholic liquid from which the crystals had been 
deposited has been weakened by repeated concentration^ a red 
oily matter begins to appear. To obtain this oil in a separate* 
state the liquid must be put into a linen cloth and squeezed. The 
aldohol with the oil passes through the cloth, while* the crystals, 
consisting of cholesterin and cerebrote, reoqpin. Add to the 
*muddy alcoholic liquid a little ethec, which will dissolve the oil, 
and render the liquid transparent Set the solution atide. T]}e 
oil gradually subtides while the crystalline matter remains dis¬ 
solved in the ether. When enough has subsided it may be puri¬ 
fied by filtration. To this oil Couerbe has given the name of elStn^ 
cephoUote* * 

* 1 think it right to state that 1 attempted to eithurt these various bodies, 
described by Couerbe from the human brain; but, with the exception of cere- 
brote and cholesterin, I vras unsuccessfiil. 
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The porkoD of brain which had been digested ijp ether was next 
treated with boiling alcohol repeatedly, as long as any white matter 
waa deposited, when the alcohol cooled. This white matter was 
i^ebrote; the substance ;which had been already obtained by 
J^auquelin by a snnilar process, and which he had distinguished 
•by the name*/)f cerebral thatter. ' 

The brain deprived pf "these fatty matters has not materially 
changed its appearance or its;,bulk. Vauquelin has shown that 
this ndurilema contains albumen and coagulated globules of a 
membranous substance, soluble in potash. This«substance, when 
drie^,* assumes a gray colour, a semitransparence, and a fracture 
similar to that of ^m arabic. When put Into water it becomes 
opaque^ swells up and softens, and water dissolves a very small 
portion of it 'Thus softened it reacily dissolves in caustic potash 
by the assistance of heat, and during the solution no ammonia 
iS«disengaged. The potash solution is slightly brown, and has a 
weak smell. The acids throw it down in white flocks, and dis¬ 
engage a very fetid odour. When acetate of lead is dropt into 
the solution, a dark brown precipitate falls, showing the presence 
oft. sulphur. When cautiously distilled, it furnishes carbonate 
of amiflonia in crystals, and & red oil similar to that which al¬ 
bumen yields when treated in the same way. 

According to Vauquelin, the medulla oblongata and spinalis 
are of the same nature with the brain, but contain much more 
fatty matter, and less albumen, osmazomc, and water. Hence, 
the reason why the spinal marrow has greater consistence than 
the brain. The portion insoluble in alcohol is albumen. 

* The nerves are likewise of the same nature as the brain, but 
they contain much less fatty matter and much more albumen. 
They contain besides common fat, which separates from them 
when treated witb^ boiling alcohol. When the nerves are de¬ 
prived as much as possible pf their fatty matter by alcohol, they 
l^ome transparent When digested in tliat state in boiling water, 
they do not dissolve but become white, opaque, and swell up ob¬ 
viously in consequence of absorbing moisture. The residue of 
n^e <wbich has been treated with alcohol and water dissolves 
almost completely in caustic potash. No ammonia is evolved 
during the solution. The potash solution is precipitated in pur¬ 
ple flocks by acids.* * 

* Annals of Pfailosopliy, i. 845. 
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CHAPTER IX. 

OF MUSCLEa 

Toe muscles of man, and* indeed of'all the manKoab'a, birds,* 
and fishes, constitifte by far the greatest part of the body. 'They 
are the organs of motion, and constitute what in common lan¬ 
guage is called flesh. In man, the muscles arc divisible into two 
kinds, 1. Those^which are attached to the bones, and 2. Those 
of the viscera. The fwracr, a few excepted, have a red ^lour 
in warm-blooded anifnals, but are white in the greater number 
of fishes. The latter are anpular, as in the intestinal caffal*and 
urinary bladder. They are visually pale, if we except the heart, 
the muscles of winch have the same colour as those attached to 
the bones. • 

The muscles consist of a congeries of fibres, usually parallel 
to each other. Each of these fibres, when viewed under th'e 'mi¬ 
croscope, is composed of a number of smaller fibreg, and the 
smallest fibres of all, or what may be called the element of the 
muscle, was believed by Tjeuwenh^ek to be a congeries 8f sphe¬ 
rical molecules, applied to each other so as to cctfistitiite'a thread,* 
and this opinion has been confirmed by subsequent observers. 
These globules consist of fibrin. Every muscular fibre is en¬ 
closed in a very delicate sheath of cellular substance. A num¬ 
ber of tliese fibres associated together is covered and held toge¬ 
ther by another delicate sheath of the same cellular substance. 
Several of these are in their turn enveloped in a new common* 
sheath of the same substance. Thus, the whole muscle is com¬ 
posed of numerous muscular fibres collected togetliel* in bundles, 
and held together by connecting cellular subsfance. Hence it is 
■easier to tear these fibres from each pther than to break them in 
a direction perpendicular to their length. ^ 

The structure of muscle has been investigated with much care 
by Mr Skey,t who has confirmed the statements of Messrs 
liodgkin and Lister, that the ultimate filaments of muscle are 
not composed of globules, but are hollow tubes, the size of which 
does not exceed i^^s^th of an inch. They are collected into 

• Phil. Trans. 1677, Vol. xii. p. 899. f Trans. 1837, p. 871. 

S 
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fibres about of an inch in diameter, and surrounded by cir¬ 
cular striaB varying in thickness and in number. Each fibre is 
divided into bands or fibrillae composed of many ultimate fila¬ 
ments. Each fibrilla is divided into filaments, of which every 
^fibre of jyffth of an inch diameter contains about 100. The dia- 

* meter of thO*filaments is about one-third the size of the globules 

of the blood. % * • 

Muscles, while they retain «their vitality, contract when stimu¬ 
lated Stber by the prick of any sharp instrument, or by the ap¬ 
plication of any acrid or stimulating substance. “ When they lose 
this property they are considered as dead. Sir Anthony Car¬ 
lisle has shown tliat a muscle is stronger wfiile it retains its irri¬ 
tability than when it has lost that 'property, lie laid bare the 
muscles of the* two hind thighs of a fi'og, and removed the femoral 
bone. He then attached weights to each set of muscles iill it 
wfes ruptured. The experiment was made upon the muscles of 
one leg while they retained their irritability, and upon the mus¬ 
cles 6f the other leg, after the irritability was gone. The mus¬ 
cles retaiping their irritability were ruptured by a weight of 
azi pounds avoirdupois; those that had lost it by a weight of five 
pounds*"^ * 

Through the piuscular fibres run a great number of blood¬ 
vessels and nerves. These may bo removed to a certain extent, 
but not completely. Especially the nerves, which are very nu¬ 
merous, and which become at last transparent and invisible with¬ 
out any sensible termination ; the cellular substance also which 
surrounds the muscular fibres, and divides them into bundles, is 

* a substance of quite a different nature from the muscular fibre 
itself, and would require to be removed before the chemical na¬ 
ture of that*fibrc could be accurately determined. The red co¬ 
lour of the muBclf is doubtless oving to the existence in it, of a 
vast number of capillary ve^ls filled with red blood. 

The first attempt at a chemical examination of the muscles of 
animals was by M. Claude-Joseph Geoffroy, Junior, in ITSO.f 
He examined the flesh of oxen, calves, sheep, fowls, pigeons, 

‘ plieasants, partridges, in order to determine how much of each 
was soluble in water by boiling, and how much each lost when 
dried over the steam-j^th. The subject was farther continued 

* Phil. Tra&K. 1806> p. 3. 

f ^lemoireB de I’Academie des Sciences, 1730, p. 217. 
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.by him in 183^.* But chemical analyses were made at that 
early period with so little attention to exactness, that it would 
not he ^fe to trust to his results. * • 

Towards the end of the eighteenth centu^, Thouvenel re¬ 
peated some of the experiments of Geoffrey with more precision 
and found th{ft when flesh was boiled in water, nof’only gplatin* 
was dfssolved, hut likewise a particular oxtractivc matter which 
fixed his attention. About the year 1802, when Fourcro^ pub¬ 
lished his General System of Chemical Knowledge, he gave an 
account of a set*of ex|)crimcnts which he had made to analyze 
themuseles of animals."f* ThenardJ soon after examined the^rv^t- 
ter dissolved from the muscle by alcohol, and gave it the name of 
osmtizome. Mr Hatchett, in hi| Experiments on Zoophytes, publish¬ 
ed in the Philosophical Transactions fpr 1800, (p. 327),has given 
an account of numerous experiments on the componcnt*parts oi 
membranes, and, among other things which he examined, was the 
muscular fibre of beef. He freed it as mych as possible from 
all foreign matter, and then examined it by means of di^fent 
reagents. Berzelius, in his Animal Chemistry, the second vo¬ 
lume of which, contiiining his account of muscles, was printe<Mn 
, 1808, gives an account of an analysis which he had made of 
muscle. Besides the substances previously detected* by Four- 
croy and Hatchett, he found also lactate of soda.§ He says in 
his system that he discovered at the same time lactates of potash 
and lime ;|| but I do not find any mention of these salts in his 
Animal Chemistry. In 1821, Braconiiot published an analysis of 
the heart of an ox, in order to compare it wit£ the excrements 
of a nightingale which had been fed on that hearhlT These, so 
far as I know, are the only chemists who have examined the che¬ 
mical characters and constitution of muscles, * 

Mr Hatchett took a piece of lean beef, cut it into thin small 
pieces, and macerated it for fifteen days in cold water, sub¬ 
jecting it each day to pressure, and changing the water. The 
shreds of muscles, which amounted to about three pounds, were 
then boiled with about six quarts of water during five hours, i^d 

* Memoires de TAcadeniie des Sdences, 1793, p. 17. 
f Fouveroy’B Syftem, ix. 834. t Trait4 de Chimie, iv. 618. 

§ Djurkemien, ii. 170. i| Trait4 dd Chimie, vii. 498. 

^ Aon. de Chim. et de Phys. xvii. 888. 
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the water being changed each time, the same boiling process was 
repeated every day for three weeks ; at the end of which time 
th8 water a&brdcd only slight signs of gelatin when infnaon of 
oak bark or chloride of 4in was added. After this the fibrous 

• part was well pressed, and was dried ^by the heat of the water- 

* iMith* Musftle thus treated is as pure as it can bfe made by any 
known process.^ The void water removes thb blood and lymph, 
and tlie hot water dissolves tiie cellular substance, and converts 
it into gelatin. The minute blood-vessels and nerves, which 
cannpt be separated mechanically, still remain. 

•Muscle thus treated contracts in its dimensions, has a dirty- 
yellow colour, and is brittle, and easily reduced to powder. 
Thou^ steeped in water, it does not recover its former flexibi¬ 
lity. 100 parts of muscle when d.*ied are reduced to 17 parts, 
|0 that‘the solid portion does not much exceed a sixth part 
oT the whole. 

Muscle not boile^j w'hcn digested in acetic acid, is converted 
into•d jelly, which dissolves in water; but the solution is muddy, 
and very <diiflcult to filter. When the solution is left long at 
rbst, a^ quantity of fatty matter collects on the surface, and a 
grey matter is deposited, consisting (probably) of minute blood¬ 
vessels which have not dissolved in the acid. 

Dilute caustic potash dissolves it when assisted by a gentle 
heat. The solution is muddy, and can scarcely be filtered. 
What remains undissolved is probably cellular matter, which 
dissolves also when the temperature of the solvent in raised. 

^ When muriatic acid is poured into the alkaline solution, a com¬ 
pound of the acid and fibrin precipitates, which may be washed 
in dilute muriatic acid ; but dissolves in water, becoming in the 
first place gelatinous and transparent. 

When washed‘muscle is expdsed to pressure there exudes a 
red liquid, which does not coagulate' like blood, and which has 
die property of strongly reddening litmus-paper. To obtain 
the whole of this liquid we must digest the muscle in water. 
This liquid was subjected to a chemical examination by Berze¬ 
lius. He obteuned, 

1. Albumen. When the liquid is heated it becomes muddy at 
12?®, and a copious«prccipitate falls at 126®, in colourless flocks, 
which are easily separated by the filter. This precipitate be¬ 
comes white when washed. The liquid from w’hich the precipi- 
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, tatc fell bas a <^ep red-colour like that of venous blood. At 
134* the greatest part of the matter which it holds in solution 
coagulates, and if we keep it for lialf an hour at that tempt^a- 
ture we obtain a colourless cake. At 144* another coaguluin 
falls, having a reddish gray colour ; but the cdlour of the liquid 
from which it4ell still continues unaltered. At a.higher tem-l 
peratufe the colouring matter coagulkt(jj3; but its quantity is 
very small compared to the preceding deposits. •These different 
precipitates indicate albumen, probably derived partly from* the 
blood circulating in the muscle, and partly from the nervous fi¬ 
lament which it containsb The coagulating temperature is lower 
than tliat ofalbumen*in the serum'ofthe blood. But that may 
depend upon the acid presei|t, or upon its state of dilufiod or 
concentration. • • 

The colourless cojigulatcd albumen reddens litmus-paper, and 
this property cannot be removed by washing. When dried iHI 
colour becomes deeper, and at last almost quite black. Boil¬ 
ing alcohol extracts from ft; a little fatty ’and a little afiimal 
matter, which Berzelius considers as a combination of albu¬ 
men witli an acid. When long digested with w’ater ov^r 
, calcareous sjmr in powder a little lactate of lime i^ form¬ 
ed. The li<iuid ijssumes a yellow colour, but hold^ in solu¬ 
tion oidy a miuutb quantity of animal matter. This shows 
that the precipitate from the liquid of muscle by heat is not ca¬ 
sein. It dissolves readily in carbonate of potash, and the solu¬ 
tion has all the characters of a solution of albumen. 

2. Lactic aevVi.—If we filter the liquor from* which the albu¬ 
men has been separated by heat, and evaporate it to dryness, it • 
leaves a yellowish brown extract, more than the half of whichis dis¬ 
solved b^ alcohol of the specific gravity 0*833.’ When the alcoholic 
solution is evaporated to dryneas there retnaii^ an extractiform 
mass, mixed with crystals of commoi^ salt, which has a strongly 
acid reaction; but leaves when burnt some alkaline carbonate^ 
Hence it follows that the matter contained a combustible acid, 
partly free and partly combined with potash. If we mix the 
alcoholic solution with a solution of tartaric acid in alcohol,«there 
separate bitartrates of potash and soda and tartrate of lime, and 
there remains in solution in the liquid, besides tartaric acid and 
muriatic acid, the combustible acid. If we digest the liquor with 
carbonate of lead in fine powder till a portion of the lead re¬ 
mains in solution the tartrate and chloride of lead precipitate. If 



278 


SOLID PAIVrS OF ANIMALS. 

, ' ♦ * 

we evaporate the alcohol and dissolve the residue pi water, and pass 

through it a current of sulphuretted hydrogen gas to precipitate 
thf lead, and then boil the aqueous liquid with animal charcoal, 
and evaporate, we obtaii\ a colourless very acid syrup, possessing 
all the characters of lactic acid. 

3. iS'a/Zif.'r-These are *of .two kinds; namely, those which are 
soluble in alcohol, an4. those which arc only 'soluble in water. 

The salts soluble in alcohpl are the lac'^ntes of potash, soda, 
lime, and magnesia, together with traces of lactate of ammotiia, 
likewise chloride of potassium and chloride of sodium. If we eva¬ 
porate the alcoholic solution to drynessf and digest the residue 
in absolute alcohol, the lactates will be* dissolved, while the 
chlbri'des will remain unacted on. * 

When the ‘solution in absolute alcohol is treated with an al- 
coholic .solution of tartaric acid, the precipitate, when incinerated, 
laaves a good deal of carbonate of potash and a little carbonate 
of soda. These carbonates being dissolved, a white pow'der re- 
maiiis, which dissolves with effervescence in muriatic acid, leav¬ 
ing undissolvcd a trace of phosphate of lime. If w'e saturate the 
solution with ammonia, oxalic acid }»recipitates the lime. Tlie 
lime bbing removed, phosphate of ammonia, mixed with a little 
ammonia; throw§ down a small quantity of ammonia-phosphate 
of magnesia. 

The salts insoluble in alcohol are the phosphates of soda and 
of lime. 

4. Animal extractive matter .—This is partly soluble in alco¬ 
hol of 0*833, an^ partly only in water. 

* (1.) The alcoholic extractive matter is what Thenard called 

osmazame. It is a mixture of various substances; among others 
of lactic acids and lactates. When alcohol of 0*833 is digested 
upon extract of flesh, it divides it into two nearly equal portions; 
the alcohol acquires a yellow colour, and leaves a brown viscid 
patter, which is the portion soluble in water. 

Wlien the alcohol is distilled off, and the residue dried over 
the steam-bath, there remains a transparent yellow matter raix- 
^ with crystalline grains. When this matter is digested in ab¬ 
solute alcohol, the greater portion of it is dissolved, and the so¬ 
lution has a light cqlour and is transparent If we distil off the 
absolute alcohol, a syrup remains, which cannot be dried over the 
steam-bath but remains semiliquid. It has an acrid and saline 
taste. Its.smell Is at first umilar to that of burnt bread, but 



MUSCL^. 279 

when kept, it cs^ales an urinous odour, especially when ammo¬ 
nia is added to it When heated in an open dish it gives out a 
very strong urinous smell; it is then charred, and gives ouj a 
smell exactly similar to that of burnt ^tartar, and finally swells 
up, as happens to a vegetable acid united to ad alkaline base. It 
dissolves in water, and the solution has* a yellow cglour. Infu-*# 
sion of niitgalls and corrosive subliraatfe tjirow down a very^can- 
ty precipitate; and this is the case, also with acetate of lead and 
nitsate of silver. Diacetatc of leiid throws down a very cop*ious 
precipitate; oxalic acid throws down oxalate of lime; lime-water 
throws down nothing. •But if we mix the extract with a*good 
deal of hydrate of liifte, and boil fdt a long tiAe, a disagreeable 
amraoniacul smell is disenga^d, the hydrate becomes ycllfw,*and 
a great proportion of the ex^act is decomposed. • If it be now 
treated with <auim*al charcoal, little remains but lactic geid and 
salts, which may then be separated. Nitric acid occasions tkli 
formation of no nitrate of urefi, but after some weeks crystals of 
saltpetre make their appearSnee, from the decomposition gf lac¬ 
tate of jiolash. 

The extractive matter soluble in absolute alcohol contains ^t 
, least two substances, which were separated from each other by 
Berzelius in the following manner; • 

(1.) Corrosive Sublimate threw down a yellow precipitate, 
which was mixed with water, and a current of sulphuretted hy¬ 
drogen passed through the mixture. A yellow solution remain¬ 
ed, which had an acid reaction. When saturated with carbonate 
of lead and evaporated, it left a deep yellow matter, from which 
neither absolute alcohol nor alcohol of 0*833 is capable of dis-» 
solving the extractive which remains combined with the chloride 
of leaiL But it readily dissolves in water, and the solution is 
precipitated by corrosive sublimate, but not b^ acetate of lead or 
protochloride of tin, and very little ^by diacetate of lead. Ni¬ 
trate of silver throws down the extractive matter combined with 
chloride of silver. This portion of extractive matter possess^ 
the following properties: its colour while in solution is light- 
yellow ; it has no taste, and has a great tendency to combllte 
with salts, on the nature of which depends its solubility or inso¬ 
lubility in alcohol. Its compound with corrosive sublimate is 
orange. It is slightly soluble in water, Kut not in water con¬ 
taining an excess of corrosive sublimate. It is tliis substance 
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which tannin precipitates from the extract obtained by anhydrous 
alcohol. It constitutes but a small portion of that extract 

(2.) When diacetate of lead is poured into the liquid, which 
has been precipitated by corrosive sublimate, and which contains 
an excess of this last substance, a small quantity of a yellowish 
r precipitate falls quite umilar to whax urine furnishes in a similar 
case.' This precipitate consists of dichloride of lead with a little 
dilactate of lead, both united .to an extractive matter. If we wash 
this precipitate and decompose it by sulphuretted hydrogen, f we 
obtain a yellowish liquid which has an acid reaction. If we sa¬ 
turate this liquid with carbonate of lead^ evaporate to dryness, 
digest the residual matter in alcohol, drive off the alcohol, and 
decompose the residue by sulphuretted hydrogen and evaporate, 
we obtain a yellow transparent matter, which contains a little 
free lactic acid, cxliales a weak urinous smell when evaporated, 
A&d is not precipitated by any of the reactives above stated. It 
combines with chloride of barium, and with other salts, precisely 
as the corresponding matter from urine does. 

The portion of the alcoholic extract insoluble in absolute al- 
cqjbol is a viscid mass having a deep yellow' colour, and general¬ 
ly opaque. It is no longer* completely soluble in alcohol of 
0*833. That alcohol dissolves a portion of it, and assumes a yel¬ 
low colour. When evaporated, it leaves an extract, mixed w ith 
a combustible salt It has no determinate taste. When heat¬ 
ed cautiously till it begins to become brown, it gives out the 
smell of roast-meat If we now dissolve it in water, and treat it 
with animal chaihcoal, most of the extract is separated from the 
' salt, wliich, after evaporation, remains in tlie state of a white mass, 
consisting of soda and potash united to a combustible acid, but 
without any-salt of lime. The extractive matter when in solu¬ 
tion is very slightly precipitated by infusion of nutgalls and cor- 
rotive sublimate, and not at all by acetate of leiad and protochloride 
of tin. This extractive is the same as that which urine gives 
under the same circumstances. 

Thp portion which the alcohol of 0*833 leaves undissolved has 
a*Ueep-brown colour, and is mixed with crystals of common salt 
It dissolves in water, and the solution has a brown colour. This 
extract consists of two substances, one^of which is precipitated by 
corrosive sublimate, and the other by protochloride of tin. 

The prer'lpitaie by corrosive sublimate is deep-brown, and the 
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liquid over it is yellow. When decomposed by sulphuretted hy- 

drogeoj the residual liquid reacts as an acid. When concentrate 
ed to ascertain point, the extractive which it containsimay be pre¬ 
cipitated by absolute alcohol, while thp uncombined acid remains 
in solution. It is a brown magma, liaving a slightly bitter taste. 

It is soluble in water, ancl die'solution*has a brown^olour. Thi» 
aqueous solution iS copiously precipitated by infusion of nut-galls 
and corrosive sublimate; but notjby acetate of'lead, protochlo¬ 
ride of tin, or nitrate of silver. Diacetate of lead precipitates it 
abundantly. We obtain also a complete precipitate when, after • 
having added protocliloridc of tin, we pour in a quantit}’’ (/^caus¬ 
tic ammonia. • • • 

When protochloride of tip is added to the yellow liquor ^hich 
has been already precipitated by corrosive subliiflatc, a new pre¬ 
cipitate hills, which is colourless, and from which sul|)hiiretted 
hydrogen gas separates an almost colourless extractive, wliicJ^is 
tasteless, and exhales an animal odour when burnt Its solution 
is neither precipiteted by abetate of lead nor infusion of ntft-galls. 
The (juantity of it is inconsiderable. 

(2.) Extractive Matter soluble in Water but not in Alcohol .— 
Alcohol of 0‘833 leaves a brow» and opacpie matter, living an 
agreeable taste of meat or beef-tea. It has an acid reaction, and 
contains lactic acid, which may be extracted in the following way : 
Dissolve the extractive matter in water, saturate it with carbonate 
of ammonia added in slight excess. Evaporate to the consistence 
of a syrup, and mix the residue with alcohol of 0*833. The lac¬ 
tate of ammonia, together with two extractive substances, will be 
dissolved. • 

If we dissolve in water what remains after the evaporation of 
the alcohol, and add infusion of nut-galls to tlie solution, a pre¬ 
cipitate falls, which, though not quite insoluble in water, is yet 
almost wholly separated by an excess of tannin. After having 
collected thiS precipitate on a filter, and subjected it to pressure, 
it is soluble in boiling water, and the tannin may be separated 
from it by acetate of lead. The precipitate being separated, and 
the excess of lead thrown down by sulphuretted hydrogen^ the 
liquid, when evaporated, leaves a yellow extractive matter, hav¬ 
ing the smell and taste of toasted bread, and soluble in water, to 
which it communicates a pale yellow colour. Its solution in wa¬ 
ter gives a copious white precipitate with corrosive sublimate; 
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a yellow precipitate with diacetate of lead and ^trate of silver. 
Acetate of lead and protochloride of tin occasion no precipitates. 

1/ we deprive the liquid which has been precipitated, by the 
infusion of nut-galls, of its excess of tannin, by adding acetate of 
lead, drop by drop, as long as a precipitate falls, and then eva¬ 
porate the filtered liquor 'over the steam-bath, an acid extracti- 
form /natter remains, w,hidh contains lactate of ammonia. When 
heated it gives dut the smell pf roast-meat It is a mixture of 
lactaie of ammonia, and of a quantity of extract identical with 
' the portion left, when the matter dissolved by alcohol of 0*833 
was digested in absolute alcohol. 

The aqueous extract remaiding after the preceding treatment 
with'calibonates of ammonia and alcohol of 0*833, contains at 
least four different extractive substances. If we dissolve the 

t 

mass in vfater, and then add caustic ammonia, and afterwards 
adatate of barytes, a precipitate of subphosphate of barytes falls, 
coloured brown by organic matter. A similar calcareous phos¬ 
phate ig precipitated by lime-water. 'If we wash the precipitate, 
and digest it in a stopjiered phial with weak caustic ammonia, 
a pprtion of* the organic matter is extracted, and a browmish yel¬ 
low solution is formed, which, being filtered and evaporated to 
dryness, leaves a brownish yellow matter, having the cliaracte- 
ristic taste of the aqueous extract. The barytici phosphate, how¬ 
ever, still retains a portion of organic matter in combination. 

The liquor from which this phospliate was precipitated, if it 
contain a great excess of alkali, must be neutralized by acetic 
acid. It is then t(f be completely precipitated by acetate of lead; 
saturating the acetic acid, as it becomes free, with ammonia. 
The precipitate obtained is light and has a yellow colour. It is 
to be collected on a filter, washed, mixed with water, and decom¬ 
posed by sulphuretted hydrogen. cThe liquor thus treated must 
be heated to allow the sulphuret of lead to precipitate. The « 
filtered liquor is brown, and this colour cannot be removed by 
animal charcoal. It has an acid reaction, and contains a little 
lactic and muriatic acids. We get rid of them by saturating 
theth wkh ammonia, evaporating to the consistence of a syrup, 
and treating the matter with alcohol of 0*833. The ammonia- 
cal salts'are dissolved and the extractive matter remains. 

It is a brown matter,* which becomes hard when dried, and is 
not altered by exposure to the air. It has a strong and agree- 
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able taste of b^f*tea, exactly similar to that of the substance in* 

to which fibrin is converted by boiling. It dissolves in all pro* 
portions in water, and is precipitated by alcohol. •Yet it qpm- 
municates a yellow colour to alcohol of *0*833, which of 
course dissolves a certain portion of it. Acetate of lead, proto- 
chloride of tki, and nitrate ^f silver throw down bvownish yellow 
precipitates from'its aqueous solution.* It is not precipitated 
by corrosive sublimate, and only very slightly b;^ infusion of nut- 
galls. 

It is to this substance that boiled and roasted-meat owe their' 
flavour. Muscular fibre and cellular substance of themselves are 
quite insipid, and tlfe other extractive substances have but a very 
slight tiiste. Berzelius proposes to distinguish this ec^trhetive 
matter by the name of zomidin.* ^ts characters are still very 
imperfectly investigated, and it is not probable that it has been 
obtain(‘d in a state of purity. Indeed, as most animal substsSn- 
ces refuse to crystallize, we have no criterion by which we can 
judge of their purity or impurity. •* • 

The liquor precipitated by acetate of lead gives with diacetate 
of lead a new i)recipitate, which is almost colourless. If w^de- 
compose this precipitat<^ by sulphuretted hydrogen, w# obtain a 
liquid nearly colourless, which, when evaporated, le£Cves a trans¬ 
parent matter, similar in appearance to gum. When left to dry 
in the open air it is easily detached from the glass vessel on 
which it was placed. When burnt it gives out an acid smell. 
Its taste is similar to that of gum. It softens in water before 
dissolving, and it dissolves in that liquid ver^ readily. This so¬ 
lution is not precipitated by acetate of lead, corrosive sublimate, 
nor nitrate of silver. But diacctiitc of lead throws down a mu¬ 
cous, colourless precipitate. Infusion of nut-gall renders it opal. 

The liquid, which is no longer precipifate^ by the diacetate of 
lead, is colourless, provided it be deprived of all lead and filtered^ 
When evaporated over the water-bath it becomes slightly yel¬ 
low, and leaves a yellow mass, mixed with a great quantity 
of acetates. If we digest it in absolute alcohol to get rid of 
the acetates, a yellow matter remains having the following'^ro' 
perties; It is yellowish-brown, has very little taste, and gives 
out animal odour when burnt. It dis^lves easily in water, to 
which it communicates a yellow colour, leaving a small quan- 

• From broth. 
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tity of a yellow powder, similar to that of apothem^ Its solution is 
not precipitated by corrosire sublimate, protocbloride of tin, nor 
acetate of lead. But with diacetate of lead it gives a copious preci¬ 
pitate, which rcdissolves wjien acetate of lead is added. Nitrate 
of ffllver tlurows down a yellowish grey precipitate, and infusion 
of nut-galls renders it opal. 

The solution in absolute alcohol is yellow, and contains a mat¬ 
ter, which, being freed from alcnliol and dissolved in water, is pre- 
cipitable by infusion of nut-galls. If we dissolve this precipita/te 
‘ in boiling water, precipitate the tannin by acetate* of lead, throw 
down |he excess of lead by sulphuretted hydrogen, and filter and 
evaporate the liquid, we obtain a transparent substance having 
very littic taste. Its aqueous solution is yellow, and exhibits 
with reagents nearly the same characters as the preceding sub¬ 
stances. » 

'li^uch is an abstract of Berzelius’s experiments on the expres¬ 
sed juice of muscle. If wc attend to the various vessels which 
exist in -muscle, arteries, veins, and lymphatics, it must be ob¬ 
vious that a portion of these difierent substances must be derived 
from the liquids contained in these vessels. But the liquids con¬ 
tained in' arteries, veins, and ly<nphatics are alkaline, while the 
liquid from the mqscle contains an excess of lactic acid, and 
much more phosphate of lime than exists in blood or lymph. It 
is not in our power, in the present state of our knowledge, to ex¬ 
plain the origin of these matters, nor of the numerous extractive 
matters which have been described. It is not unlikely that some 
of the substances (lescribed by Berzelius may have been pro¬ 
duced by the various processes to which the liquor of muscle 
was subjected. Much light would be thrown on the subject by 
the ultimate analysis of the different extractive substances, espe¬ 
cially of that one which has the taste and smell of roasted-meat, 
provided it could be obtained in a state of sufficient purity. Perhaps 
the. precipitate which it forms, with oxide of lead or oxide of sil¬ 
ver might enable a good experimenter to determine its atomic 
weight and its ultimate constitution. 

Tam toot aware that any muscles have been subjected to analy¬ 
sis except those of the ox. Hatchett and Berzelius made their 
experiments on the lean of beef, while Braconnot analyzed the 
heart of an ox. The following table exhibits the result of the 
analyses of Berzelius and Braconnot: 
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B^kIius. 

MuscularIfibre, vessels, and nerved 15*8 1 
Cellular substance soluble by carbon, 1*9 j 

17*70 

Soluble albumen and colouring matter, 

• 2*20 * 

Alcoholic extract with salts, * . •. 

1*80 

Aqueoi^ extract with ^Its, 

, 1*05 

Phosphate oi^lime containing albumen, 

0*0^ 

Water, * • . * . , 

77*17 

• 

100*00 ♦ 

• 

• 

Braconncai 

Fibrin, vessels, nerves, and cellular substances, 

18*196 ' 

Albumen with colouring matter and phosphate of 
lime and magnesia, • . ^ . 

1 2*f33* 

Alcoholic extract. 

1;566 

Lactate of potash. 

. 0*186 

Phosphate of potash. 

0*153 

Common salt, 

0-126* 

Water, .... 

77*036 

m 

• 

100*#00t' 


It is universally known that when flesh is left exposed to the 
air, it runs into putrefaction very rapidly, giving out an excea- 
sively disagreeable smell, and becoming soft and pulpy. But 
in an air-tight vessel freed from oxygen gas, it may be kept for 
years without any sensible alteration. In this way, it is often 
exported from this country to India; and I have eat beef per¬ 
fectly fresh and good, after it had made a voyage to India and 
back again. • 

The action of reagents on muscle is the same, as on fibrin. 
When very dilute acids are poured on flash, a certain portion is 
■ absorbed, the flesh becomes harder, and mucli less liable to pu- « 
trefaction. When the acids arc stronger, the flesh swells out, 
and is converted into a jelly, which is soluble in water. Dillfte 
caustic alkalies dissolve flesh slowly; but when they are concen¬ 
trated, the solution is rapid. During the solution amiQoni»is 
evolved, and a little alkaline sulphuret formed. Salts having an 

alkaline base preserve flesh from putrefying. For this purpose 

• • 

t Ann. de Chim. et de Pbys. xxvii. 390. 


Djurkemicn, ii. 178. 
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common skit is usually employed. Several of the metalline salts 
combine with flesh precisely as th^ do with fibrin. This is the 
case with the salts of iron and mercury. It has long been known 
that a very small quantity of corrosive sublimate preserves ana¬ 
tomical preparations from* putrefaction. 

/ Muscles, i^ is well-known, arc the organs by moans of which 
all tke different motions of the living body are performed. 
When a muscle acts the muscular fibres are shortened, while the 
belly of the muscle swells out, and the whole muscle occupies a 
greater bulk than before. Sir Anthony Carlisle introduced a 
man’s'arm within a glass cylinder. It ^as duly closed at the 
end ^hich embraced the head of the humeri.s. The vessel being 
inverted, water at 97® was poured iij so as to fill it. A ground 
brass plate clothed the lower aperturp, and a barometer tube com¬ 
municated with the water at the bottom of th‘e cylinder. This 
apparatus, including the arm, was again inverted, so that the ba¬ 
rometer tube became a gage, and no air was suffered to remain 
in tl^e* apparatus. On the slightest action with the muscles of 
the hand or forearm, the water ascended rapidly in the gage, 
making libkations of six and eight inches length in the barome¬ 
ter tube, on each contraction ajid relaxation of the muscles.* 

When muscles are strongly contracted their sensibility to pain 
is nearly destroyed. This means is employed by jugglers for the 
purpose of suffering pins to be thrust into the calf of the leg and 
other muscular parts with impunity.f When fish are subjected 
to the process called crimping^ the specific gravity of the mus¬ 
cles is increased. ^ Crimping consists in cutting the muscles across 
at various distances before their vitality is destroyed. The sea- 
fish destined for crimping %‘e usually struck on the head when 
caught, which, it is said, protracts the term of this capability ; 
and the muscles which retain this .property longest are those of 
the head. Many transverse sections of the muscles being made, 
and the fish immersed in cold water, the contractions called 
efimping take place in about five minutes ; but if the mass be 
large, it often requires thirty minutes to complete the process. 
Sk'Anithony Carlisle took two flounders, each weighing 1926 
grains, the one being in a state for crimping, the other dead and 
rigid.* They were both immersed in water of 48® tempera- 

' * r 

* Pbil. Trant. 1805, p. 22. f Ibid. p. 27. 

4 



MUSCL^. S87 

^ture aflter being^equally scored with a knife. The specific gra¬ 
vity of the crimped fish was 1*105, that of the dead fish, afters/ 
equal immersion in water, 1*090. • • 

A piece of cod-fish, weighing twelve^ poundsf gained in weight 
by crimping two ounces avoirdupois, or rather more than oneper^ 
cent.; and another less vivalbious piece* of fifteen p«mnds gained* 
one oiince and a-hsdf. The hinder limb gf a frog having th& skin 
stripped oflj and weighing 77*1 grains, was imnlersed in water 
of 54% and sufibred to remain nineteen hours. It became rigid, 
and weighed 10025 grains. So that the increase of weight amount¬ 
ed to 30 per cent., whila at the same time the specific gravity had 
increased, as in the dhse of the crifbped fislu *630 grains of Ihe 
subscapularis muscle of a c^f, which had been killed t#o days 
from the 10th of January, were immersed in hard-water at 45°. 
Ill ninety minutes the muscle was contracted, and weighed 770 
grains. So that the increase of weight was rather more thrfh 
22 per cent; while, at the same time, the specific gravity of the 
muscle had increased.* * • 

Many attempts have been made to give a theory of muscular 
motion ; but hitherto little satisfactory information on this indi¬ 
cate subject has been suggested. • One of the latest aiftl most 
ingenious theories on the subject is that of Prevost and Dumas. 
According to therfi, the nervous filaments enter the muscles at 
right angles, and, after having traversed the muscular fibres turn 
back and cross the same fibres in a direction parallel to their ori¬ 
ginal one. A current of electricity passes through these nerves. 
It moves in one direction in the first portion, *aiid in the oppo¬ 
site direction in the recurrent nerves. Hence the currents at-* 
tract each other, the muscular fibres are shortened, and muscular 
motion produced. Before examining this theory, it would be ne¬ 
cessary to establish by accurat* anatomic^ (yssections that the 
^direction of the nerves is as these philosophers allege. 

* Carlisle, Phil. Trans. 1805, p. 23. 
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CHAPTER X. 

OF TENDONS. 

• Tendons* «are strong f»earl-colotfred bodies, which terminate 
the ntuscles and attach. thV;m to the bones. They are kndwn in 
common langinigc by the name of sinews. They are of very va¬ 
rious forms, according to their situation. Some are narrow end 
cord-like, as those which stretch across the wrist and ankle to 
reach the fingers and toes. Others are 'compressed and strap¬ 
shaped in the middle, and exjianded at one or both extremities. 
The''fef«db Achillis is convex on its f'utancous surface and fla4; on 
the other, its fibres spreadjng out considerably where they run 
into those of the muscle. The tendon of the'plantaris is very 
iferrow and thin, but may be easily spread out to ten times its 
natural breadth. 

Tensions are composed of fibres. ‘They are very strong, and 
are so firmly united to the muscle to which they belong, that, 
wl?en rupture takes place in consequence of any sudden and vio¬ 
lent action, the tendon itself gWes way, and not its junction with 
the muscle. Tendons are smooth, and are covered externally 
with a kind of loose sheath of cellular substande, which facilitates 
their motion on other bodies. 

When a tendon has been softened in water, it may be spread 
on the finger like a membrane, and has a silvery lustre. This 
cliaractcr enabled us easily to distinguish the smallest tendons 
'■from vessels and nerves. 

The fibres are longitudinal, and differ much in their appear¬ 
ance from cartilage, but 1 am not aware that they have been ever 
subjected to a microscopical examination. 

When put into boiling water,, they swell, become yellow, and 
semitransparent, and by long boiling they are dissolved and con¬ 
verted into gelatin, which, on evaporation and drying, becomes 
a firm glue. The transparency of the solution is impeded by 
tffii presence of small vessels which float in it 

If we plunge a tendon into concentrated acetic acid, it swells, 
becomes transparent and gelatinous. At the same time its sur¬ 
face becomes uneven*,*and is twisted in various directions, and 
when cut it presents an annular and angular division, owing pro- 

3 
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bably to sbeaths of cellular substance in the interior, and sur- 

‘rounding the tendinous fibres. If we now pour water upon the 
tendon thus altered, and make it boil, the tendon dissolves j*a- 
pidly, with the exception of the small^ vesselsy* which are inter¬ 
spersed through it. The solution is similar to* one of glue. 
is not precipitated by pot&h* nor by pf ussiate of potash. The • 
same phenomena take place when ten^n@ are treated with* mu¬ 
riatic acid and by caustic potash. , 

"^hen tendons are dried they become hard, translucent, yel¬ 
low, and similarato horn ; but they recover their former appear¬ 
ance when softened in yater. A long maceration in watd^ re¬ 
moves the cellular substance, and dhables us to separate the ten¬ 
dinous fibres from each othe^j. But if we prolong the lulling, 
these fibres themselves are digsolved and converted into jelly. 

According to tile analysis of Mulder and Scherer, the,tendons 
consist of protein combined with three atoms of ammonia, on# 
atom of water, and seven atoms of oxygen. 

The tendons fix the muscles to the bones,* and their fibred <ire 
interlaced with those of the periosteum, a membrane which seems 
to possess the same characters as the tendons. At least, \ike theiu, 
it is converted by boiling into gelatin. • 

Aponeuroses are a kind of sheaths which inclose one or more 
muscles, to which they serve as a kind of support, and of which 
they increase the strenglli. Their tissue is similar to that of 
tendons; they possess both the characters and composition of 
these bodies. 


CHAPTER XL 

« 

. OF LIG.XJMKIJTS. 

Ligaments are strong Imnds which bind the bones together 
at the joints. Their form and size vary considerably in different 
parts, some being flat bands, some rounded cords, and othei? 
lengthened tubes attached by both ends to bones which admit of 
free motion on one another, as we see in the^ capsular ligaments 
of the hip and shoulder. Most ligaments enter into the forma¬ 
tion of joints, and are therefore articular; though some, as the 
interosseous ligaments in the fore-arm and leg, merely fill up 
spaces. * 
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As &r as their chemical constitution is concerned, they may 
be divided into two classes: One clai^ destined to oppose a great 
re^stance, Jbecomes transparent when boiled, and is gradually 
converted into gelatin. The ligaments belonging to the second 
class are very elastic, his elasticity supplies the place of mus- 
• cular action, by enabling them, after being distended, to resume 
theli* primitive size and shape. To this cWs belongs the liga¬ 
ment of the neck, which supports the head of ruminating animals 
and horses. The ligaments which draw back the claws in the 
animals belonging to the genus felis, and also ,the yellow liga¬ 
ments placed in man between the vertebrae, belong to the same 
class. Anatomists were of opinion that these ligaments were of 
the'sacme nature as the fibrous membranes of the arteries; and 
this opinion has been confirmed by the experiments of Berzelius. 

He found that when the yellow intervertebral ligaments are 
Seated they undergo a sort of semifu^on. They swell up, and 
after complete combustion leave a small quantity of white ash, 
consisting principally of phosphate of lime. When these liga¬ 
ments are boiled for a long time in water, during twelve or six¬ 
teen hours for example, they do not become in the least soft, nor 
do they undergo any alteration ; yet the water extracts a small 
quantity of gelatin, derived, doubtless, from the cellular substance 
mixed with the ligament The ligament itseif is neither dissolv¬ 
ed nor softened, though kept for weeks in contact with alcohol, 
ether, or concentrated acetic acid. , 

But it is dissolved slowly, without the application of heat, by 
sulphuric, nitric; and muriatic acids. And the solutions, when 
« diluted with water, arc not precipitated by potash or prussiate of 
potash, but they are by the infusion of nut-galls. After having 
been saturated by ammonia and evaporated to dryness, the muriatic 
acid solution leaves a matter soluble both in water and in alco¬ 
hol. The precipitate from the aqueous solution by infusion of 
nut-galls is almost all soluble in boiling water and in alcohol. 

The solution in acids takes place * much more rapidly when 
they are diluted and gently heated. The substance behaves in 
\he same way with caustic potash. When this last solution is 
heated it gives the smell of dissolved horn. Acetic acid throws 
down from it a very slight precipitate. The matter which re¬ 
mains after the saturated potash solution is evaporated to dryness 
>8 soluble both in alcohol and water, and exhibits the same cha- 

4 
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raster as that from the muriatic solution. All these reactions 

are the same as those of the fibrous coat of the arteries. 


CHAPTER XII. ‘ 

of* CELLULAR SUBSTANCE. 

• 

The name celhdar mbstance or tissue is given to a tissue 
spread through«the whole body, enveloping all the organs, and 
filling up all the interstices, so as to leave no vacuities the 
body. It is made u{l of pale elastib and extremely fine filamenta 
interwoven in difierent ways« so as to form areolae or spfrcd^ of 
various size and figure, and calculate to contain* such fluids as 
may be deposited within them. , 

The quantity found in different parts varies considerably, ft 
some parts we trace it in the form of a thin layer lying beneath 
the skin, and dipping into the interstices lletween the nulseles. 
It is accumulated in considerable quantity in the flexures of the 
joints, filling up the popliteal space, the axillae, and surroundijig 
. the vessels at the groin. In the oavity of the abdomen ft large 
deposite is found, usually about the kidneys; and in^he pelvis 
a loose spongy web fills up the spaces between the reflection of 
the serous membrane and the difierent viscera. It may be said 
that the cellular tissue of each region is continuous with that de« 
posited in the neighbouring parts, and therefore forms a continu* 
ous whole throughout the system. • 

The general opinion of anatomists at present is that the cel-* 
lular tissue is made up of cylindrical filaments, crossing in va¬ 
rious ways, so as to form a net-work. These filaments in most 
places are aggregated together* so as to constitute lamellae, en¬ 
closing spaces or cells, which pi;psent an infinite variety of forms 
and of size; but which still freely communicate, as is evident 
from what happens in anasarca, and by the difiusion of air over 
the body in some cases of empyema. 

The cellular tissue may be divided into two spemes. The fi:At 
iEq>ecies is more dense, and shows distinct cells. It is found in 
the organs furnished with mucous membranes, the adhering face 
of which it covers. The blood-vessels anct nerves are also enve¬ 
loped in it The second species is softer, and contains cells 
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which coramumcate with each other. It fills up all the inter¬ 
stices and penetrates into the muscles. 

Xhe cellvlar tissue consists of a matter which, when boiled in 
water, becomes soft and mucilaginous, and is at last converted 
into gelatin. 

The cells /)£ the cellular tissue a*’e 'always moistened by a li¬ 
quid'secreted for the pur|)Ose; and which in a state of health is 
absorbed as fast as it accumulates. But in the disease called 
anasarca or general dropsy this liquid is secreted probably in 
greater abundance than in a state of health, while the absorbents 
either cease to act, or act imperfectly. Hence the liquid accu¬ 
mulates, fills all the cells, and'eonstitutes thS disease called dropsy. 
In ^ch cases it may be drawn off in considerable quantities. It 
has been repeatedly subjected to a chemical examination. The 
result of these analyses will be given in a succeeding chapter of 
tSus work, while treating of lymph, to which liquid it obviously 
belongs. 

In'some parts of the body tbe cells of the cellular tissue are 
filled with fat. This is tbe case immediately under the skin, 
constituting what is called the adipose tissue. Many anatomists, 
however, consider the fat as enclosed in separate and shut vesi¬ 
cles, which have no communication with each other. This opinion 
is founded on the well known fact, that the fat of the spermaceti 
whale is fiuid, yet it does not collect in the lowermost cells of the 
cellular tissue, as it would do if the cells or vesicles containing 
it had a communication with each other like the cells of the cel¬ 
lular tissue. lldl;pail even afifirms that he car demonstrate the 
' vesicles in which the fat is contained. Obesity is considered by 
some physiologists as a disease analogous to anasarca, with this 
difference that the cellular tissue is filled with fatmste&dotlymph. 


CHAPTER XIII. 

OF THE SKIN. 

The skin is that strong thick covering which envelopes the 
whole external surface of animals. It is composed of three parts, 
distinguished by Afferent names, namely, 1. The cutis or true 
skin, which is innermost and thickest 2. The rete mucosum lies 
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immediately over the true skin, and is a thin membrane, to which 
the colour of the body in man is owing. 3. The cuticle or epi-‘ 
demm constitutes the outermost membrane, and is that part, of 
the skin* which is raised in blisters. In this chapter we shall treat 
only of the cutis or true skin. The other two membranes will^ 
occupy our attention in the*two following chaptera* • 

Thd cutis or corium is a thick dens£ ipembrane composM of 
fibres interwoven like the texture of a hat When it is macerat¬ 
ed ibr some hours in water, and agitation and pressure are em¬ 
ployed to accelerate the effect, the blood and extraneous matter 
are separated from it; J)ut its texture remains unaltered. *^The 
fibres, after this maceration and softening, may be seen crossing 
in various directions so as to^enclosc spaces. These are #>f Con¬ 
siderable size at the inner or, attached^ surface of fhe membrane, 
where granules of fat projected into them; but gradually dimi¬ 
nish towards the outer surface. The outer surface is not qui(h 
smooth, but studded with a number of minute projections called 
papilla. Each papilla appears to consist of the soft sentieftfr ex¬ 
tremity of a nerve, enclosed within a delicate vascular plexus, 
possessing in some degree the properties of erectile tissue. • 
The cutis possesses elasticity to»a certain extent, for after dis¬ 
tension it retracts. The probability is that it resembles iif its nature 
the cartilages and* serous membranes ; for when boiled a suffi¬ 
cient time in water it dissolves, and. is converted into gelatin. 
If we suppose a piece of skin freed from the fat and cellular tis¬ 
sue, which adheres to its interior side, and from the hair, epider¬ 
mis, and papillae on its outer surface, it will contain, besides the 
fibrous mass of which it is composed, and the vessels which pass* 
through it, a considerable quantity of liquid common to all the 
soft parts of the living body. Wienholt made a set of experi¬ 
ments to determine the proportion of the^ dj^erent substances, 
,and states them as follows :* ^ 

Cutaneous tissue proper and vessels, . 32*53 


Albumen, (liquid), . . 1*54 

Extractive soluble in alcohol, , 0*83 

Ditto soluble only in water, . 7*60 • 

Water, .... 57*50 


lOO-OO 


BerzeliuS) Trait.4 de Chitnie, vii- 298- 
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The liquid principles of the cutis may be extracted by watw. 
If we dry the skin after this treatment it becomes yellowish, trans¬ 
lucent, andc stiff but flexible and tough. Ether extracts from 
it a good deal ofi&t When macerated in water it recovers its 
original softness.* At tlie common temperature of the atmo- 
9 sphere it is insoluble in wftter. When Boiled in water it contracts, 
l^cofnes convex on th^ oUtside, thickens, becomes stiff an*d elas¬ 
tic. But if the boiling be long continued it softens, becomes 
mucous and translucent, and finally dissolves. The solution is 
muddy from minute blood-vessels suspended ineit On cooling 
the solution concretes into a jelly. Thus the cutis, by long 
boiling, is convcited into coUin. The rapidity with which the 
skins of different animals dissolve ip boiling water is very differ¬ 
ent The stronger, and larger, apd older the animal is from 
which tbe skins were obtained, the longer do "they take to dis¬ 
solve, but the stronger and stiffer is the glue into which they 
are converted. The skins of fishes, of little birds, of the small 
mamzpalia dissolve feadily. It is ofily necessary to keep them 
in water of the temperature of 77% to be converted into a kind 
0^ jelly, which solidifies with difficulty, or remains half-liquid. 

Skins are not dissolved by glcohol, ether, nor by the fixed or 
volatile oils, whether hot or cold. But alkalies and acids diluted 
to a certain point convert them into glue, even at the ordinary 
temperature of the atmosphere. Thus, if we steep a skin in con¬ 
centrated acetic acid, it swells into a jelly, which is soluble in 
water. When a softened skin is steeped in persulphate of iron 
or corrosive sublimate, it gradually combines with the metalline 
«salt, becomes more dense, harder, and incapable of putrefying. 
A similar combination takes place when they are steeped in in¬ 
fusion of oak-bark, or of any substance containing tannin. 

It is from the skin ‘or cutis of finimals that leather is formed; 
and the goodness of the leather,^ or at least its strength, depends, 
in some measure on the toughness of the hides. Those easily 
^luble, as seal-skins, afford a weaker leather than those which 
are more difficultly soluble in water. The process by which the 
eldns qf animals are converted into leather is called tanning. It 
seems to have been known and practised in the earliest ages; but 
its nature was unknown till after the discovery of tbe tanning 
principle by Seguin. * * That chemist ascertained that leather is a 
compound of tannin and shin; that it is to the tannin that lea- 
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ther owes its insolubility, and its power of resisting putrefaction. 
The subject engaged the attention of Davy, who exanuned it 
with hb usual ingenuity, and added several imporljpnt facts^to 
our former knowledge. , 

When skins are to be tanned, the first step df the process is to 
deprive them of their half and cuticle.* This is either done by t 
steepiilg them in water till they begin to putrefy, or by steeping 
them in lime and water. The lim^ seems to combine with the 
cuticle, and to render it brittle and easily detachable fronf the 
hide. It produoes the same effect upon the hair and the matter ' < 
at its root. * When tl)p hides have been steeped for a sufficient 
time, they are taken •out, the hair,*cuticle, &a* scraped oflf athd 
theu they arc washed in wat^r. f • 

After this preliminary process, the skins are subjected to difie> 
rent treatment, adbording to the kind* of leather which ^is to be 
made. « ^ 

The large and thick hides are introduced for a short time into 
a strong infusion of bark. •They are then*said to be cohu^ed. 
After this they aro.puFyito water slightly impregnated with sul¬ 
phuric axad, or with the acid evolved during the fermentation of 
barley and rye. This renders theni harder and denser th0.n they 
’ were before, and fits them for forming sole leather. Davy thinks* 
that, by this process, a triple compound is formdd of the shin, ian, 
and add, f 

The light skins of cows, those of calves, and all small skins, 
are steeped for some days in a lixivium made by the infusion of 
pigeon’s dung in water. This lixivium is called«the grainer, %y 
this process they are rendered thinner and softer, and more pro- • 
per for making flexible leather. Davy considers the effect of this 
lixivium to depend upon the fermentation which it undergoes; for 
dung that has imdergone fermentation does not answer the pur- 

poset ^ 

After these preliminary proces8es,*the skins are exposed to the 
action of the infusion of bark till they are converted into leatheit 
The infufflon of oak bark contains two ingredients, namely, 
tannin and an extractive. The first is more soluble than ^e 8% 
cond. Hence, in saturated infusions, there is a much greater 

proportion of tannin than of extractive; whereas in weak infu- 

•• 

* Davy, Journal of the Royal Instit. ii. SO. f Ibid. p. 31. 

I Ibid. p. 32. 
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sions the ‘extractive bears a greater proportion to the tannin. 
Davy has ascertained, that the hides extract both the tannin and 
exlyactive fpom the infusion, eind leave nothing behind but pure 
water, provided they be employed in sufficient quantity. Hence, 
it is obvious, that both the tannin and extractive must enter into 
•the compodtipn of leather. The extaactive gives the bide a brown 
colour, but does not render it insoluble in boiling water; the tan¬ 
nin renders it insoluble, but i^p colour continues whitish. Hence 
it is likely that the lightest kinds of leather contain little else t|;ian 
tannin, while the brown kinds contain both tannin and extractive, 
and the new compound is leather. Hcqce the reason of the in- 
creiase of its weigiii * 

Davy found that 100 of calf skii^ absorbed 64 in weight from 
a concentrated infusion of nut-galls, and 34 from a concentrated 
solution ^of oak bark; 17 in a dilute solution of the same bark ; 

in concentrated, and 15 in a dilute infusion of catechu. It 
is generally admitted that 100 parts of skin, when tanned, be¬ 
come *140 parts in wbight 

Calf-skins, and those hides which are pftpared by the gramer^ 
ar;e first steeped in weak infusions of oak bark, and gradually re- 
moved <o stronger and strongs, till they are completely impreg¬ 
nated, which takes up from two to four months. As the weak 
infusions contain a greater proportion of extractive, the conse¬ 
quence of tliis process is, that the skin combines in the first place 
with a portion of it, and afterwards with the tannin. When sa¬ 
turated solutions of tannin are employed, the leather is formed 
inf much shorter time. This was the process recommended by 
c'Seguin; but it has been observed, that leather tanned in this way 
is more rigid and more liable to crack than leather tanned in the 
usual way. • Hence it is likely, as Davy has observed, that the 
union of the extractive is requisite to form pliable and tough lea¬ 
ther. Leather rapidly tanned must be less equable in its texture 
than leather slowly tanned, as the surface must be saturated with 
tannin before the liquid has time to penetrate deep. Davy has 
ascertained that skins, while tanning, seldom absorb more than 
ffiie-third of their weight of vegetable matter. 

'Skins intended for sole leather are generally kept from the 
first in an infusion preserved nearly saturated by means of the 
strata of bark with wfiich they alternate. The full impregnation 
requires from ten to eighteen months. It is likely, from this 
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process^ that sole leather contains a greater proportion of tannin 

* than soft leather. While drying, it is smoothed with a rolling- 

pin, and beat with a mallet, which must add considerably tp its 
density! * , 

Tlie process of tavnng is analogous'to that*of tanning. By it 
the skins are*converted ifitcr white leather, for gloyies and othe^ 
eamilar uses. The skins are cleaned in the usual way, steeped in 
lime-water, well scraped and bea^ with wooden pestlea They 
arp then steeped in water containing bran, which undergoiifg the 
acetous fermentation, causes the skins to swell up and rise to the • 
surface. They are pi^hcd down again, and the operation is re- 
|>eated till the skins^ease to rise. • They are •then washed, Veil 
scraped, and for every hundred large sheep-skins, eighty pounds 
of alum and three pounds of common salt are put into water. 
These two salts decompose each ottier. Sulphate of soda is 
formed, and chloride of aluminum ; the last of which is imbibed 
by the skins, and combines with them. Along with the alum 
and salt is mixed with the water, whilfi luke-warm, ^ twenty 
pounds of the finest wheat-flour, with the yolks of eight dozen 
of eggs, all of which is formed into a paste a little thicker t^n 
children’s pap. A quantity of ^ot water is put into a^troiigh, 
and two spoonfuls of the paste witli it, to do which .they use a 
wooden spoon, containing just as much as is required for a dozen 
of skin^ and when the whole is well mixed with the water, two 
dozen of skins are plunged into it. Care must be taken that the 
water be not too hot; otherwise the skins are spoiled. 

After the skins have lain some time in the* trough, they are 
taken out one by one with the hand, stretched out and well beateik 
with wooden pestles. They are then left five or six days in a 
vat, and hung out to dry on cords or racks, and t^p sooner they 
are dried the better. Such the most material parts of the 

• process of tawing, which comists essentially* in combining the^ 

skins with alumina, or more probaBly with dichloride of alumi¬ 
num. Leather thus made is soft, pliable, and white. • 

• See Davy on the preparation of Skin for Tanning. Royal Instit. Jour. ii> 
30. •. • 
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CHAPTER XIV. 

I 

• OF THE EPIDERMIS. 

. « 

• The epidermis or cuticlk is the outer layer of the i^in. Though 
very thin in most parts^ it becomes thick and indurated ih the 
soles of the feet, or wherever it is habitually subjected to pres> 
ture.* Its inner surface is smooth and uniform, being connect¬ 
ed with the rete mucosum and corium by delicate»filaments. But 
it can 1)e readily separated from them b3E. decoction or macera- 
non in water. The outer suKace presents ih some places a num¬ 
ber of ^’aving excentric lines, whicl| make it appear, when ex¬ 
amined with a ^lass, ragged and unpven. It does not appear to 
be compQsed of scales, as ^me anatomists haVh supposed; but 
rtfther to be a homogeneous membrane destitute of vessels and 
nerves, and deposited on the skin as an insensible investment. 
It i8.slightly elastic. And is easily ruptured. It wears away pretty 
rapidly from all exposed parts, but is soon reproduced, and gra¬ 
dually acquires its original thickness. 

If wet heat a portion of the /cuticle in the flame of .a candle 
it melts without bending or swelling up, then catches fire, and 
bums with a clear flame, giving out the usual'smell of burning 
ftTiinnfd matter. It imbibes water with facility. When the cu¬ 
ticle of the palm of the hand is kept long in water, it swells up, 
becomes wrinkled, opaque, and white. When left long in wa¬ 
ter, it becomes brittle without putrefying; but how long soever 
<Mre boil it in water it does not dissolve in that liquid. 

If we let fall a drop of binoxide of hydrogen on any part of 
the epidermic it gives it a white colour, which disappears in a 
few hours. The cutide is insoluble in alcohol and ether, but 
these liquids dissolve a small quantity of fatty matter, which the 
epidermis in its natural state* contains. Concentrated sulphuric 
abid softens and gradually dissolves the cuticle. If we remove 
the acid before it has dissolved the epidermis completely, it leaves 
a^rk J)rown spot The part thus affected gradually becomes 
hard and a new epidermis forms below it When apiece of epi¬ 
dermis is plunged into sulphuric acid, it becomes transparent 
before it dissolves. Kltric acid softens it and if we saturate the 
excess of acid with ammonia, the stain acquires an orange colour. 
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which contmues till the portion of cuticle thus afiected comes off, 

a new portion being formed under it 

It b very easily dissolved in the caustic alkalies^ even when 
very dilute. The alkaline carbonates do not attack it The 
alkaline sulphurets give it a dark-Srown almost black co¬ 
lour, and thectain is not rcftiovcd until the cuticle* is renewed. 
The chloride of gold tinges it purple. * IJitrate of silver stdins it 
a chalky white, which on exposures to the light becomes gradu¬ 
ally black. If the recent stain before becoming black be wash¬ 
ed with caustic ammonia, the greatest part of the silver may be 
removed. Parabanic acid and several other preparations ^rom 
uric acid stain it of beautiful criftison colour! 

Mr Hatchett has drawn a^ a conclusion from the charafsters of 
the epidermis that it is quite.analogous in its natu^e to coagulat¬ 
ed albumen. Ildw far this conjecture is correct can on|y be de¬ 
termined by an ultimate analysis. i* 

According to John,* the epidermis of the foot is composed of, 

• • • 

Indurated albumen, . 9«3 to 95 • • 

Mucus with trace of animal matter. 5 
Ijactic acid, . 

Ijactutc of potash. 

Phosphate of potash. 

Chloride qf potassium, 

Sulphate of lime, 

Ammoniacal salt. 

Phosphate of lime, 

Manganese ? and iron J 

Soft fat, . . . • 0*08 

The epidermis of a woman affected with herpes was composed* 
of, 

Indurated albumen, . 92 to 93 

Mucus, . • . ,7 to 6 

Lactic acid and the aboae stilted salts, . 1 

Soft fat, . . 0*75 to 1 ^ 

Dr Scherer subjected to analysis a portion of the epidermis 
of the sole of the footf It was well washed with water, and theii 
boiled in alcohol and ether. When burnt it left one per cent, olf 
ashes. Abstracting the ashes its constituents were, 

* Annals of Philosophy, ix. 55. t Ann. dJi'*Pharn). xl. 54. 
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Carbon, 

50*894 



Hydrogen, 

6*781 


« 

1 Azote, 

17*225 


t 

. Oxygen, 1 . 

• Sulphur,/ 

t 

• _ 

25*100 

% 

( 

p 

r 

• # 

« 

• 

100 * • 


He represents its constitutioui (abstracting the 

sulphur) by tlie 

formula 

C" Az7 If we 

calculate from this formula 

we get. 



r» 

< 

it 

48 carbon, . =: 36 

or per cent 51*34 


39 hydrogen, = 4*875 

6*95 

*• 

7 azote, . 12*25 

L> • • • 

17.47 


17 oxygen, . 5 = 17* 

i.. • • ■ 

24*24 


• 

70*125 

100 * 


If from this formula. 

C« H® Az' 0 >' 

t 

• r 

we subtract protein. 

C“ H® Az» 0 ** 


„ there will remain, . li* Az O* 
which ij an atom of ammonia 14 - three atoms of oxygen. 


CHAPTER XV. 

• OF THE RETE MUCOSUM. 

This name has been applied by anatomists to a glmry exuda¬ 
tion between the corium and cuticle, adhering to both, but parti¬ 
cularly to the forpaer. It is ea&ily demonstrated in negroes; 

I but much more difficultly in white men. On this account Bichat 
and some other anatomists have denied its. existence altogether. 
But, on an attentive examination, it can generally be detected. 
It was Malpighi who first drew the attention of anatomists to 
tiiis substance. He distinguished it from its appearance by the 
name of mucous body ; and considered it as composed of soft fi¬ 
bres so arranged as to form a net-work. Hence the origin of 
the terra rete mucosum. When a blister has been applied to the 
skin of a negro, if it be not very stimulating, the cuticle alone 
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will be raised in about twelve hours. After it is detached the 
exposed surface* appears covered with a dark coating. But if 
the blister has been very active, another layer of a black colsur 
comes away with it This is the rete mucosum, which gives to 
the different races of men their various shades* of colour. 

The nature of this substance has dot yet been*'determined. 
Neithfer nerves nor blood-vessels havfe t>een traced into it It 
has been considered as a semifluid* deposit or secretion. Some 
suppose it to contain a black matter in the negro, similar to the 
pigmentum nigrum of the eye. But the only chemical feet * 
connected with it that ve know is inconsistent with this su^osi- 
tion. Chlorine deprhresit of its bl&ck colour, and renders it yel¬ 
low. A negro by keeping ^jis foot for some time in wafer* im¬ 
pregnated with chlorine gas;^ depriv^ it of its blflck colour and 
rendered it nearl;f white; but in a few days the colour returned 
again with its former intensity.* This experiment was firtt 
made by Dr Beddoes on the fingers of a negro.! 


CHAPTER XVI. 

t)F HAIR AND FEATHERS. 

These substances cover different parts of animals, and are ob¬ 
viously intended by Natime to protect them from the cold. For 
this, their softness and pliability, and the sloifness with which 
they conduct heat, render them peculiarly proper. • 

1. Hair is usually distinguished into various kinds, according 
to its size and appearance. The strongest and stiffest of all is 
called bristle: of this kind is*the hair oh the backs of hogs. 
•When remarkably fine, soft, an j pliable, it is called loool; and < 
the finest of all is known by the name of dmen. But all these 
varieties resemble one another very closely in their composition? 

Hair appears to be a kind of tube covered with a cuticle. Its 
surface is not smooth, but either covered with scales or con^9 
ing of imbricated cones. Hence the roughness of its feel, and 
< the disposition which it has to entangle itself, which has given 
origin to the processes oi felting dxAfullingm It is constantly in- 

* Fourcroy, ix. 259. f Beddoes on Factitious Airs, p. 45. 
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creasing in length, being protruded from the roots, and seems at 
first to be soft or nearly gelatinous. Every hair is a tube con- 
tapping a delicate organ, which supplies the hair with the requi¬ 
site degree of moisture. In certain diseases, as the pUca polo^ 
^nica, this membrdne swells so much that when the hair is cut^ a 
• liquid, and <aven sometimes blood esudes. In theiT* natural state, 
the Hairs are dry and insencdble, and do not alter their appear¬ 
ance by keeping. 

At^hen hair is boiled in water, a portion is dissolved. This 
portion gelatinizes on the water cooling, and possesses the cha- 
ractefs of gelatin. Hair thus treated becomes much more brit¬ 
tle than before. Indeed, if the process be continued long enough, 
the hair crumbles to pieces between the fingers. The portion in¬ 
soluble in wathr possesses the properties of coagulated albumen. 

Mr Hatchett has concluded from his experiments, that the 
kuir which lc^;es its curl in moist weather, and which is the softest 
and most flexible, is that which yields its gelatin most easily; 
whereas strong and elastic hair yields it with the greatest difii- 
culty, and in the smallest proportion. This conclusion has been 
cqnfirmed*by a very considerable hair-merchant in London, who 
assured him that the first kind.of hair was much more injured by 
boiling tlian the second. 

Though hair be insoluble in boiling water, Vauquelin* obtain¬ 
ed a solution by raising the temperature of the liquid in a Papin’s 
digester. If the heat thus produced was too great, *the hair was 
decomposed, and ammonia, carbonic acid, and an empyreumatic 
oil formed. Sulphuretted hydrogen is always evolved, and its 
' quantity increases with the heat When hair is thus dissolved in 
water heated above the boiling point, the solution contains a kind 
of bituminoies oil, which is deposited very slowly. This oil was 
black when the hair dissolved was black, but yellowish-red when 
red hair was employed. 

When the solution is filtered to get rid of this oil, the liquid 
Which passes through is nearly colourless. Copious precipitates 
are formed in it by the infusion of nut-galls and chlorine. Silver 
ifif blackened by it, and acetate of lead precipitated brown. Adds 
rader it turbid, but the precipitate is redissolved by adding 
these liquids in excess. Though very much concentrated by 
evaporation, it does not concrete into a jelly. 


* Nicholson's Journal, xv. 141. 
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Water containing only four per cent, of potasff dissolTes 
' hair, while hydfosulphuret of ammonia is evolved. If the hair 
be black, a thick dark<>coloured oil, with some sulphpr and iron 
remains*undissolved; if the hair be red there^remains a yellow 
oil, with some sulphur and an atom oi^two of*iron. When acids 
are dropped bito this solution, they throw down a.white matt^ 
soluble in an excess of acid. • • 

Sulphuric and muriatic acids become red when first poured on 
hair, and gradually dissolve it Nitric acid turns hair yellovT and 
dissolves it, whije an oil separates, which is red or black accord* < 
ing to the colour of th^ hair dissolved. The solution yields a 
great deal of oxalic acid, and contains, beside^ bitter printsiple, 
iron, and sulphuric acid. Chlorine first whitens hair, apd Athen 
reduces it to a substance of the consistence of turpentine, and 
partly soluble in alcohol. * 

When alcohol is digested on black hair, it extracts from it tso 
kinds of oil. The first, which is white, subsides in white shining 
scales as the liquor cools; the second is obtained by evaporating 
the alcohol. It has a greyish-green colour, and at last Incomes 
solid. From red hair alcohol likewise separates tWb oils : the 
first white, as from black hair, and the other as red a§ blood. 
When the red hair is deprived of this oil, it becomesjof a chest¬ 
nut colour. Hence its red colour is obviohsly owing to the 
red oil. 

When hair is incinerated, it jields iron and manganese, phos¬ 
phate, sulphate, and carbonate of lime, muriate of soda, and a 
considerable portion of silica. The ashes of red hair contain less 
iron and manganese : those of white hair still less ; but in thepo* 
we find magnesia, which is wanting in the other varieties of hair. 
The ashes of hair do not exceed 0*015 of the hair, . 

From the preceding expcriipents of Vaniquelin, we learn that 
, black hair is composed of the nine following Substances: 

1 . An animal matter constituting the greatest part 

2 . A white solid oil, small in quantity. 

3. A greyish-green oil, more abundant 

4. Iron; state unknown. 

5. Oxide of manganese. 

6 . Phosphate of lime. 

7. Carbonate of lime, very scanty,** 

8 . Silica. 

9. Sulphur. 
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The colouring matter of hair appears from Vauquelin’s expe¬ 
riments to be an oil. The oil is blackish-green black hair, red 
m Hied hair,ja.nd white in white hair. Vauquelin supposes that 
sulphuretted iron, contributes to the colour of dark hair; and as¬ 
cribes to the presence of An excess of sulphur the property which 
Jwhite and read hair have ‘of becoming black with,the oxides of 
the white metals. The sudden change of colour in hair from 
grief, he thinks, is owing to ^he evolution of an acid.* 

VUuquelin considers the animal matter of which hair is chipily 
composed as a variety of inspissated mucus; but,>some of its pro¬ 
perties, especially its copious precipitatiop by tannin, do not well 
agtee with that supposition. *It seems to approach more closely 
to coagulated albumen, as Hatchet^ has shown. 

When hair *is heated it melts, swells up, and gives out the 
odour of burning horn. It burns with a str6ng flame, giving 
of’t a great deal of smoke, and leaves a bulky charcoal. When 
distilled per se, it gives one-fourth of its weight of empyreumatic 
oil, f^ater holding aiAmonia in solutson and much inflammable 
gas escapes, in which the smell of sulphuretted hydrogen may 
be^ recognized. The charcoal remaining amounts to about one- 
fourth ^'f the weight of the hsqr. Different inctalliiie salts pro¬ 
duce the same change of colour on white hair as they do upon 
the cuticle. We’ean dye white hair black by a solution of ni¬ 
trate of silver in ether. But the best way of effecting that ob¬ 
ject is to triturate the nitrate of silver with slacked lime, and to 
make it up into a paste with hog’s lard, which may be applied to 
the hair withouf^ touching and blackening the skin. Another 
«substance commonly used to dye white hair black is protoxide of 
lead in ffne powder. One part of it is triturated with four parts 
of slacked lime, and a weak solution of potash. A compound 
of oxide of lead and potash is foriped, which gradually penetrates 
» the hair, and sulphuret of lead is formed, which tinges the hair, 
black. 

* Dr Scherer subjected the hair of the beard to a chemical ana- 
lysis.t It was first washed with water, and then boiled in alco¬ 
hol an^ ether. Thus prepared, it left when burnt 0*72 per cent 
of ashes. Its constituents were 


* Nicholson's Joorn.'XV. 141. 


t Ann. der Pharm. xl. 55. 
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Carbon, . 50*417 

Hydrogen, . 6*655 

Azote, . 17*936 

Own* I i4*992 
Sulphur, j 


• ieo*poo 

He represents the constitution by the empirical formula C^® 
H®®,Az^ If, from this formula, we subtract that for pro¬ 
tein, C^® H®® Az* there will remain H® Az -f- O®, or an atom 
of ammonia, and three atoms of oxygen. 

Wool has not yet bfeen subjected*to a rigid examination; but, 
from the experiments made pn it by Berthollet, there 181 * 0^0 
to conclude that its chemiyal quaMes do not* differ much 
from those of hair.* When growing upon the sheep it is enve¬ 
loped in a kind of soapy matter, which protects it from the aO*' 
tack of insects, and which is afterwards removed by scouring. 
Vauquelin has examined thiS matter, and found it to consist of 
the following ingredients: 1. A soap of potash; 2. Carbonate of 
potash; 3. A little acetate of potash; 4. Lime ; 5. A very lit¬ 
tle muriate of potash; and, 6. Aii«animal matter.* • 

2. Feathers seem to possess ver}' nearly the^ same properties 
with hair. Mr Hatchett has ascertained that tlic quill is com¬ 
posed chiefly of coagulated albumen. Though feathers were 
lioiled for a long time in water, Mr Hatchett could observe no 
^traces of gelatin. 

Dr Scherer purified wool by washing it in watdr and then boil¬ 
ing it in alcohol and cther.f It left 2 per cent of ashes. Being 
subjected to an ultimate analysis, it gave 

Carbon, . 50*653 

Hydrogen, •. 7*02b , 




Azote, 
Oxygen, ) 
Sulphur, i 


17*710 

24*608 


100 * 

So that its composition is the same as that of hair. Feathers 
* were also subjected to an ultimate analyi^ by Dr Schm*er.j; 

• Ann. de Chim. xlvii. 267. 

^ Ann. der Pharm. xl. 61. 


f Ann. der Pharm. xl. 58. 
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They contained 1*8 per cent of ashes. The constituents obtain¬ 
ed were 

» 1. Of the soft downy portion. 


Carbon, 

50*434 and 52*470 

Hydrogen, 

7*110 

Azot6, 

17-682 

Oxygen, 

24-774 


100*000 

2 . The quill portion. 

Carbon, 

52*427 

Hydrogen, 

7*213 

j^zote,^ . (. 

17*893 

Oxygen, 

22*46 


100-000 

The constitution of both is obviously the same. Scherer repre¬ 
sents it by the formula C*® Az^ O'®. By this formula they 
contain an atom less of oxygen than hair or horns. 

CHAPTER XVII. 

OF HORNS, NAILS, AND SCALES. 

I/orm are well-known bodies attached to the foreheads of 
oxen, sheep, and various other animals, and are obviously in¬ 
tended for weapons of defence. They cover an elongation of 
bone which rises from the os frmtis. The portion of horny 
matter nearest the forehead is the thinnest, and it constantly in¬ 
creases in thickness as it advances to the extremity, where it is 
, thickest It is translucent, and when very thin, has even a de¬ 
gree of transparency, and has been used as a substitute for glass 
in windows. Its colour is sometimes yellowish-grey, and some- 
tiraes^almost black. It is capable of receiving a good polish, and 
its lustre is resinous. 

It is not very hard, and is ea^ly rasped down by a file or rasp. 
During tins process it emits a disagreeable smell. When heated 
a little above 212®, it becomes very soft, without undergoing de- 
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composition, so that it can be squeezed into a mould and wrought 

into various forms, as is well known. When horns are distilled 
per se they give out a great quantity of fetid oil, a little carbo¬ 
nate of ammonia, together with a minute quantity of water. The 
charcoal remaining in the retort amounts to al)out one-sixth of, 
the weight of the horns distiTle(L It has a semi-metallic lustre,' 
and when burnt l^ves a quantity of* white ashes constituting 
about half a per cent of the weigh# of the horns. It consiste of 
phosphate of lime with a little carbonate of lime and phosphate 
of soda. • 

Horn is insoluble in water; but when boiled for several ^qys 
in that liquid, it is soffened, and the water is slightly precipitated 
by chloride of tin, but not bjs tannin. When horn is strongly 
heated w'ith water in a Papin’s digeste;;, it is said to be convert¬ 
ed into a gelatinous mass which possesses the properties of gela¬ 
tin. Horn is insoluble in alcohol and ether. These liquids, ho^ 
ever, separate a small quantity of fatty matter. 

Concentrated sulphuric acid, at the temperature of 57*^*dbes 
not dissolve horn nor acquire any colour from it But the horn 
is softened by the acid. If we wash it with water, and then boH 
it in that liquid, a portion of it is dissolved, and the liquid ?s pre¬ 
cipitated by corrosive sublimate and infusion of, nut-galls. Di¬ 
lute nitric acid softens horn; but a long maceration is required 
before this effect is produced. If we pour ammonia on the sof¬ 
tened horn it becomes first reddish-yellow, then blood-red, and 
.finally dissolves into a dark-yellowish red liquor. If we wash 
horn softened by nitric acid with cold water, and then boil it in 
a new quantity of water, it dissolves, forming a yellow liquid, 
which gelatinizes on cooling. This jelly is dissolved by cold 
water, and the solution is precipitated by tannin. Concentrated 
nitric acid dissolves horn. If wtf evaporate the*solution to dry¬ 
ness, it detonates. Horn is not sofibened when macerated in 
concentrated acetic acid. But when it is digested for some days « 
in a close vessel in dilute acetic acid, that liquid dissolves a portion 
of it without becoming coloured, and when the liquid is evapo- ^ 
rated to dryness, a light-yellow substance remains, which is fran- 
sparent, and not soluble in water. 

If, after freeing horn from fat by means of alcohol, we dry it, 
and pour over it concentrated muriatic acid, after an interval of 
a day or two it becomes blue, though the acid acquires no colour. 
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Nitric acid changes the blue colour to yellow, and ammonia to 
orange. * 

•The caustic fixed alkalies dissolve horn easily; hut ammonia 
does not attack ii 

^ If, after freeing horn from fat by means of alcohol, we place 
•it in contact •with very dilute caustlb potash, the liquid acquires 
a disagreeable smell, and* the horn assumes the form of a jelly, 
and gradually dissolves. The liquid is pale-yellow, and can 
harJly be filtered. When a concentrated solution of caustic.po- 
tash is poured upon raspings of horn a very disagreeable smell 
is e^ved, and the raspings gradually soften into a matter like 
glue, grey-coloured and senfitransparent. • The alkaline liquid 
has*a ^eep-yellow colour, and gi^s traces of ammonia. The 
viscid mass is*a combinatipn of the; horn with the potaslu It is 
insoluble in the concentrated alkaline liquor while cold; but dis- 
iblves in it when assisted by heat. We pour the alkaline ley 
from the viscid mass, and wash it with cold water. Thus treated, 
it (fissolves in water without commTmicating any colour. The 
solution l),as an alkaline reaction. When acetic acid is poured 
kto it in such quantity as not to decompose it completely, a 
white^urdy precipitate fallsy which soon collects into a viscid 
gluey mflss. It jls a compound of horn with a minimum of al¬ 
kali. If we decant off the saline solution ^hich floats over it, 
and then pour water on it, it gradually gelatinizes, and at last 
dissolves into a mucilage decomposable by acids. If, on the 
contrary, we add enough of acetic acid to decompose the whole ^ 
compound of horn and potash, and to leave a surplus of acid in 
the liquid, a precipitate falls quite similar to the former in ap¬ 
pearance, but which is a compound of horn and acetic acid. It 
is insolubld in watcr^ whether cold or hot, and also in alcohol. 
But it is soluble in acetic acid. • Prussiate of potash throws down 
* from this solution semitransparent flocks, which subside very 
, slowly to the bottom of the vessel. Carbonate of ammonia gives 
a precipitate soluble in a great excess of the reagent Corrosive 
^sublimate, acetate of lead, persulphate of iron and tannin, throw 
dowfl abundant precipitates. 

If we evaporate the acetic acid solution to dryness, we obtain 
a yellow, transparent; hard, and viscid mass, which is insoluble in 
water. When w e evaporate to dryness the solution precipitated 
by acetic tuad, and digest the rendue in water, a portion of horn 
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remains, but the liqmd contains a little, which behaves with re¬ 
agents in the same way as the acid solution. 

When, instead of acetic acid, we employ muriatic atfiid to thcow 
down horn from potash, the precipitate obtained is more abun¬ 
dant, because it is less soluble in the excess of muriatic acid ad¬ 
ded. This precipitate constitutes a inherent maja>; but if we* 
wash it and then digest it in water, ifr di^olves and prodUhes a 
milky liquor, which, by the addition of an additional quantity of 
acid, produces a viscid and acid precipitate. * 

Berzelius considers horn as a modification of fibrin. He founds * 
his opinions on the cirgnnstances, that its acid solution is preci¬ 
pitated by prussiate *of potash; that horn refhains dissolved* in 
acetic acid; and that its neutral combination with muriate acid, 
which is partially soluble in ^ater, coagulates andW when an ad¬ 
ditional quantity bf muriatic acid is a^ded. , 

If we boil horn witli a concentrated solution of potash, it stilt- 
tens and then dissolves, while abundance of ammonia is given 
out, which has a very disagreeable smell. This disengagement 
continues for a long time. The portion of horn not dissolved is 
softened, and it becomes so slippery that, if we take it* out of Ijic 
liquid, we can scarcely hold it in pur fingers. If we wadi it in 
cold water to remove the alkali it dissolves in the liquid with¬ 
out coinmuniccitin^ to it any colour. 

The solution of horn in boiling potash is thick, of a dark- 
brown colour, and similar to a bad potash soap. It dissolves 
easily in water, forming a muddy solution, which, when filtered, 
is pale yellow, leaving a minute quantity of defip-green powder, 
which Berzelius considers as sulphuret of iron. Its dark colour* 
vanishes when the powder is exposed to the air. If we mix the 
alkaline liquor with an acid, carbonic acid is disengaged Tnivori 
with sulphuretted hydrogen gas. If the acid^ added be muria- 
•tic, after the carbonic acid is disengaged, a compound of the acid • 
and horn, the same as described above, falls down; but in small 
quantity compared to that of the hom acted u][)on. If we digest the 
acid liquor from which this precipitate has fallen over carbonate of 
lime till it is neutralized, and then evaporate the whole tod»ynes^ 
and digest tlie dry residue in alcohol, to dissolve the chloride of 
calcium, a matter remains which dissolves r^dily in water, to which 
it communicates a pale-yellow colour. When this solution is 
evaporated to dryness it leaves a hard transparent matter, which 
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may be reduced to powder with the greatest facility. The 
aqueous solution of this substance is precipitated by the same re¬ 
agents as t^e acetic solution of bom. But prussiate of potash 
does not render it muddy unless acetic acid be previously added. 

This substance is a compound of the horny matter and lime. 
oThe lime respnins behind when we burn the compound. Muri¬ 
atic acid throws down^a ^precipitate from its solution in water, 
which is rcdissolved by the ^addition of a greater quantity of 
acidi Acetic acid throws down a precipitate which retjuires.for 
solution a very large quantity of free 4icid. • 

it is evident from these facts that wh(g] potash is made to act 
upon bom, a decomposition takes place; the horn being convert¬ 
ed ivitq carbonic acid, ammonia, sulphuretted hydrogen, and a 
substance soluble in muriatic acid and water, with a minimum of 
alkali; ;srhile another portion of matter remahis insoluble com- 
hened with an excess of muriatic acid. 

Dr John, a great many years ago, made an analysis of the horns 
of oxep. He extracted from them t^ie following constituents: 
Indurated albumen, . . 90 

Gelatinous albumen with osmazome ? . 8 

^Lactic acid. 

Lactate of potash, 

SMphate,-muriate, and phosphate of pptash, 

Phosphate of lime. 

Oxide of iron, trace, 

Ammoniacal salt, . . J 

Fat, . . 1 

i 

100 * 

The quantity of earthy matter contained in horns is exceed¬ 
ingly smalL Mr Hatchett burnt 500 grains of ox horn. The 
readuum was only 1.'5 grain, and not the half of this was phos¬ 
phate of lime. 78 grains of thq horn of chamois left only 0*5 o£ 
residue, of which less than tfie half was phosphate of lime.t They 
(insist chiefly of a membranous substance, which possesses the 
properties of coagulated albumen; and probably they contain also 
%i little gelatin. Hence we see the reason of the products that 
are obtained when these substances are subjected to distillation. 

Dr Scherer subjected the horn of the buffalo to a chemical 
analysis.^ It was purified by washing it with water and boiling 

* Annals of PhiloRopby, ix. 55. t Trans. 1799, ]>. i)32. 

I Ann. dcr Pharm. xl. 56. 
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it in alcohol anrf ether. When burnt ^it left 0*7 p«r cent, of 
* ashes. Its constituents were. 

Carbon, . 51*578 

Hydrogen, . 6*712 ^ 

Azote, . r7*284 • 


1 

Sulphur ,) 


24*426 


100 * 

He gives us gn empirical formula, C*® H®^ Az^ So that 
its constitution is the same as that of hair, namely, one atom 
protein + one atom«ammonia + three atoms«oxygen. * • 

If we precipitate an alkaline solution of hair or hyn^with 
acetic acid, sulphuretted hydrogen escapes and a precipitate falls, 
which is soluble in acetic acid, and possesses the characters and 
constitution of protein. 

The naih'j which cover the extremities of the fingers, are at^ 
tached to the epidermis, and come off along with it. Mi; Hat¬ 
chett has ascertained that they are composed chiefly of a mem¬ 
branous substance, which possesses the properties of •coagulated 
albumen. They seem to contain also a little phosphate gf liAe. 
Water softens but does not dissolve them; but they are readily 
dissolved and decomposed by concentrated Acids and alkalies. 
Hence it appears that nails agree w'ith horn in their nature and 
composition. Under the head of nails must be comprehended the 
talons and claws of the inferior animals, and likewise their hoofs, 
which differ in no respect from horn. , 

The substance called tortoise-shell is very different from shells^ 
in its composition, and approaches much nearer to the nature of 
nail; for that reason I have placed it here. When long mace¬ 
rated in nitric acid, it softens, and appears to be composed of 
^membranes laid over each other, and possessiftg the properties of 
coagulated albumen. When bbmt; 500 grains of it yield three * 
of earthy matter, consisting of phosphate of lime and soda, with a 
little iron.* 

The scales of animals are of two kinds; some, as those 
serpents and other amphibious animals, bave a striking resem¬ 
blance to horn; while those of fish bear a greater resemblance to 
mother-of-pearl. The composition of th^ two kinds of shells 
is very different 


• Hatchett, Phil. Tians. 1709, p. 332. 
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The scales of fish, as. had been observed byTLewenhoeck, are 
composed of different membranous lamins. When immersed ' 
for four or five hours in nitric acid, they become transparent and 
perfectly membranaceous. The acid, when saturated vfith am¬ 
monia, gives a copious precipitate of phosphate of lime.* Hence 
"th^ are composed of alternate layers of membrape and phos- 
phate«of lime. To this structure they owe their brilliancy. Mr 
Hatchett found the spicula of the shark’s skin to be amilar in its 
composition, but the skin itself yielded no phosphate of lime. 

The horny scales of serpents, on the other hapd, are compos¬ 
ed alone of a homy membrane, and are destitute of phosphate of 
lime.' They yields when boiled, but slight traces of gelatin; the 
horaslil^e crusts which cover certain insects and other animals 
appear, from Mr Hatchett’s experiments, to be nearly similar in 
their compofflfion and natuf e. 

^hus it appears that these substances bear a striking resem¬ 
blance to each other, being composed of a membrane which 
Hatchett considers as^coagulated albiunen. Vauquehn, however, 
who aMrms that they dissolve in water, provided the temperature 
be raised sufficiently in a digester above the boiling point, consi¬ 
ders tli^m> on that account, rather as a species of concrete mucus 
than as co(igulated albumen.! * 


CHAPTER XVIII. 

OF HARTSHORN. 

The horns of the buck and hart, and indeed of the whole 
tribe of deer, are quite different from those which have been 
treated of in the last chapter. They are branched, and possess 
the hardness of bone. From the experiments of Scheele and 
!^ouelle, together with those of Hatchet^ we know that these 
substances possess exactly the properties of bone, and are com¬ 
posed of the same constitoents!, excepting only that the proper* 
tion of cartilage is greater. They are intermediate, then, be¬ 
tween bone and bora. The same remarks apply to a fossil bom 

• Hatchett, Phil. Trans, 1799, p. 332. 


t Nicholson’s Jour. xv. J47. 
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found in France, *and analyzed by Braconnot He found it coiu< 
' polled of * 


Silicious sand. 

40 • 

Gelatin, 

40 

Bitumen, . * . 

*4*4 

Oxide of iron, . * 

0*5 .• 

Alumina, . •. , 

0*7 

Phosphate of magnesia. 

lO 

Water, 

no 

Carbonate of lime. 

4*5 

Phosphqf;e of lime, 

69*3 

• • 

• 

__!_t_ 

lOOO * 

• 


CHAPTER XIX. 

OF SEROUS MEMBUAN*ES. 


The name serous membranes is applied to certain tliin, peUu^ 
cid, and transparent tissues, which constitute shut sacS^ithout 
inlet or other interruption of continuity. They are called serous, 
because they are* constantly moistened by a thin albuminous 
fluid, supposed to resemble the serum of blood. These serous 
membranes in the human body arc chiefly the following: 1. The 
arachnoid membrane, which invests the brain, and which is pro¬ 
longed over the spinal chord: 2. The two pleura, which invest 
the lungs; 3. The pericardium, which incloses the heart; 4.* 
The peritoneum, which is reflected over the different viscera of 
the abdomen, together with the two processes which extend from 
it upon the testes ; 5. The membrane wlucl^ lines the anterior 
% chamber' of the eye. Perhaps t]^e lining coat of arteries and veins* 
may also be referred to the serous membranes. 

These membranes invest the viscera, which they inclose, ancl 
are likewise reflected upon the walls of the cavity. It is the in¬ 
vesting part of the serous membranes that gives to different of- 
gans their shining appearance; and as the membrane is very 
thin and transparent, the colour, form, ai^ even the nunute in- 


* Gehlen’s Jour, second series, iii. 49. 
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equalities the surfapp of th^ organs may Ibe distinctly seen 
through the serous membranes that invest themf ^ 

Serous membranes are capable of very considerable distension, 
as is obvious in dropsy and in the various herniae of the iiltestines. 
In their natural state thej are insensible or nearly so; but when 
r'they are inflagned, acute pain is felbin them. As Jhey pass from 
one viscus to another, it is obvious that they must form folds; 
and these folds have been oftpn distinguished by names, as ometi^ 
tum^ mesenteryy mesocolon, mediastinum, &c. 

Blood-vessels may be seen entering into the serous membranes 
in cases of inflammation. Hence it follows that they are supplied 
with "arteries and veins. Whether they pocsess exhalent vessels 
to thro^ out the serum or lymph with which they are moistened, 
has not been ascertained. 

As to the chemical nature and properties of the serous mem¬ 
branes, no experiments, so far as 1 know, have hitherto been 
made upon the subject. It is stated in chemical books that when 
boilpd^in water they are converted •into collin. Hence it has 
been inferred that they arc merely Inspissated cellular membrane. 
But I am ftot aware of any person having tried the experiment 
It is certain that the small intestines may be boiled for a long 
time without being deprived of their outer serous coat, and with¬ 
out that coat undergoing any sensible change# 

The liquid exhaled from the surface of the serous membranes 
will be described, and its constituents stated in a succeeding 
chapter of this work when treating of lymph, 

• 


CHAPTER XX. 

qP JhuCOUS AiEMBRANES. 

The mucous membrane, in an anatomical point of view, may 
^ considered as one continuous membrane prolonged from the 
integuments into the interior of the passages of the body, where 
K serves a corresponding purpose with the skin; but which, from 
the nature of the fluid which it secretes, and which covers it, has 
received the name of mucous membrane. From the lips and nos¬ 
trils it extends along tne whole length of the alimentary canal as 

well as inbi the different follicles and excretory ducts which open 

4 
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into it. The la^nx, trachea^ hro7u:hice,fXi<diair-’CeU9hi the lungs 
are lined with •mucous membrane. A similar mucous surface 
may be traced from the opening of the urinary canal alone the 
urethrA, bladder, and ureters, to their termination m the cmyces 
of the kidney; also into the vasa defereniia,* In the female it 
is prolonged^frora the vagina into tho uterus an^ the Fallopia^ 
tubes to their termination. • • 

Between these two great divisiijns of the internal integuments 
no organic connection exists. Each may be viewed as af canal 
of considerably extent, but presenting numerous contractions and • 
dilatations corresponding with those of the hollow organs which 
they line. Their external surface is rough and flocculent^ being 
attached by cellular tissue to the contiguous textures, firm¬ 

ness of this attachment vanes in different places. In the sto¬ 
mach tlic mucoifc membrane is easiljr separated. From the py¬ 
lorus to the ileo-c 80 cal valve it gradually becomes more firmly 
attached, and in the large intestines it adheres very closely to the 
next coat below it till towards the extremity of the rectum^ where 
it is again loose. 

The thickness of this membrane is equally various. * It is thick¬ 
est in the stomach and duodenum, and thence diminishes gra¬ 
dually towards the lower part of the small intestinejp. At the 
ileo-caecal valve k increases somew'hat, and in*the large intestines 
it is only about half as thick as in the stomach; but it increases 
towards the extremity of the rectum. Its firmness and power of 
resistance is greatest in the stomach. 

The colour of the mucous membrane varies in different parts 
of its extent It is influenced also by the age of the individualf 
and doubtless by the disease of wliich he died. When freed from 
cellular tissue and mucus it is translucent and whitie, or grayish, 
with a delicate rosy tinge, '^his tinge is owing to the blood¬ 
vessels with which it is supplied. It deepens in the stomacl^ 
during the digestive process, doubtless because the quantity of 
blood conveyed to it is then greatest • 

The pUc.<B and valvules conniventes of this membrane are well- 
known to anatomists. When viewed with a microscope it 4 b 
found covered with a vast number of minute downy processes, 
giving it a fiocky appearance. These have been c^led vWL 
^icse villi arc generally considered as <lucts which secrete the 
gastric juice when it is required for the purpose of digestion. 
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The mucous membrapic, though apparently a continuation of 
the skin, differs entirely fn)m that tissue in its chemical projicr- 
ties. It is qmte insoluble in water. When long boiled in that 
liquid it become l^d and brittle. Acids easily destroy it, and 
convert it into a pap. It I'eadily putrefies^ and in that way its 
{exture is speqdily destroyed. If woi soften it in col4 water, and 
leave it in that state to the action of the atmosphere, it is con¬ 
verted into a reddish mucous-lpoking substance before the other 
coats of the intestines have begun to be affected. 

The mucous membrane, like the cutiSi is cohered by a very 
thin epidermis, to which the term epithelium has been applied. 
The chemical natm’C of this membrane has not been determined ; 
but it is probably of the same nature with the epidermis. 


CHAPTER XXL 

• ( 

OF ARTERIES AND VEINS. 

i. T’T^e term artery* meant originally a tube containing air. 
It was not .till after the discovery of the circulation by Hervey 
that their use was fully understood. They are- tubes which con¬ 
vey the blood from the heart to every part of the body, in order 
to supply the waste of the system; while the veins convey back 
again to the heart all the blood winch has not been consumed by 
the different procssses going on in every part of the liody. 

• An artery is a cylindrical and highly elastic tube, composed 
of three coats placed one within the other. The external coat is 
formed of th^ cellular tissue, into which it may be resolved by 
maceration. Its texture is closer when it is in contact with the 
^ middle coat, than ekternally when it is somewhat loose and doc- 
culent It admits of considerable extension, and can retract 
vfhen the cause is removed, and it is so tough as not to be divided 
by a hard ligature placed on the vessel, and so firm as alone to 
resist t|)e impulse of the current of blood, when the other coats 
are divided or tom. 

The internal coat not only lin^ the arteries, but is continued 
into the ventricles of the heart. It is thin, homogeneous, trans¬ 
parent, and so fragile as 4o be easdly torn. It is considered by 

* From air> and I contain. 
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anatomists, as similar to the serous membranest thou^ I am not 
aware that an^f experiments have been made to determine the 
point. , ^ 

Tlhe'middle coat is the principal one, and the one to which the 
arteries are chiefly indebted for their peculiar characters. 
consists of pale, straw-coloured fibres, foiled obliquely round the 
circumference of the vessels, but none pf’Ihem forming S. com¬ 
plete circle. If an artery be stretched transversely it will recoil 
and resume its original diameter. If elongated it will rdtract 
We see from this tliat arteries are highly elastic, and this pro- • 
perty they owe chiefly^ to the middle coat, which is strong and 
dense. When an ^tery no longer carries Wood, as after a li¬ 
gature has been applied to Jt, the part beyond the liga^n will 
retract, its cavity will be obliterated, and, by an'alteration in its 
mode of nutritiofi, will degenerate into a fibrous cord. , This in¬ 
dicates a contractile power diflPering from mere elasticity, and has 
been termed contractility of tissue. Anatomists long ascribed 
muscular properties to thi* middle arteriaf coat; but th<j chemi¬ 
cal properties which it possesses are incompiitible with this no¬ 
tion. 

The middle arterial coat is quite insoluble in water, e^ an when 
long boiled in that liquid. When concentrated aectic acid is 
poured on it, it neither softens nor dissolves; nor do we ol)tain 
any solution even when we boil it in dilute acetic acid. But it 
dissolves with great ease in sulphuric, nitric, and muriatic acids, 
even when mucli diluted with water. The solution is neither 
precipitated by an alkali nor by prussiate of potash, as is the 
case with fibrin, and with muscular fibre treated in the same wayf 
The middle arterial coat is dissolved by caustic potash. The 
solution is colourless, but slightly muddy; and it is not precipi¬ 
tated by acids. If we mix together sat\irated solutions of the 
• middle coat of an artery in pqf;ash 2 and in an acid, the mixture 
becomes gradually muddy, and a precipitate falls. 

This middle coat, after having been purified by solution in <!i- 
lute potash ley and precipitation by an arid, was subjected to 
analysis by Dr Scherer. * When burnt it left an ash weighii% 
1*7 per cent. Its constituents (abstracting the ash) were found 
to be ^ 

• Ann. der Phunn. xl. 51. 
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Carbon, . 53*571 

Hydrogen, . 7 026 

Azote, . 15*360 

, Oxygen, . 24*043 

• 100.000 

He represents its constitution by the empirical formula, 

C48 j]^38 ^ 2 * O^®. If from this formuh 
we abstract C*® H®® Az® formula for pfo* 

teln, there will remain H* **** atoms of wa¬ 

ter.' *So that the middle coat»of arteries rnty be represented b} 
1 atom^protein -f 2 atoms water. 

IL The veinSf like the arteries, are composed of three coats: 
but they ^are much thinner and more flaccid thaii the correspond¬ 
ing arterial coats. They are easily distended, admitting of con¬ 
siderable enlargement in the transverse direction. They are al¬ 
so susceptible of eloiigation, but not‘to the same extent as the 
arteries. 

yhe external venous coat, like that of the arteries, consists ol 
cellulav-^tissue, but is much thinner and less firm than thatofth( 
arteries. It is very closely united to the middle coat. 

The internal coat is a thin shining membrane continuous with 
that which lines the auricles of the heart. It is here and there 
thrown into folds which constitute valves. It is considered by 
anatomists as similar in its nature to the serous membranes; 
though I am not «fware of any experiment to elueidate the point. 
• The middle coat of the veins is thinner and much more pliant 
than that of the arteries. It appears at first sight smooth and 
even in its texture and destitute of fibres. But a more careful 
inspection shows that *it consists of fibres, chiefly longitudinal; 
, though some few have a transverj^ direction. 

This middle coat has nothing in common with the middle coat 
of the arteries. It is not elastic, and the fibres of which it is 
composed are muscular, at least where the vena cava approaches 
Hie heart 
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CHAPTER XXII. 

• OF THE MAMM^ OR BREASTS. 

• • 

TwEghtids are organs destined for. secreting from the blood " 
certain liquid^ us^ul or indipensable/or yarious purposes^f the 
animal economy. They conast of a congeries of vessel^ and can¬ 
not, therefore, be subjected to a cLemical analysis with any ad¬ 
vantage. But jt may be worth while, in this and some subse¬ 
quent chapters, to state shortly the structure of some of the most 
important glands, S 9 &r as it ha^ hitherto been ascertained* by 
anatomical examination. , ^ 

The mamma or breasts ai^e two round eminences place'd one at 
each side, on the front of the tliord^, resting on the pectoral 
muscles. They are fully developed in females^ to wfiom tljpy 
belong, at the age of puberty. The mamma is a conglomerate 
gland, consisting of sevcrahsmall lobe^ each being an aggregate 
of a number of lobules. Each lobule is about the sise of a mil- 
let-seed, oblong in shape and hollow. It consists of a mucous 
lining, and an envelope of cellular tissue, in which the s^retmg 
* vessels ramify. From the lobules thus formed arise the minute 
radicles of the lactiferous tubes, which receive the milk as it is 
secreted. The tubes converge towards the nipple, so as to be¬ 
came collected into a fasciculus beneath it, in whicii situation 
they are supported by some firm cellular tissue. The number 
of fasciculi varies from twelve to fifteen, and ^ach belongs to a 
particular lobe of the gland. Four, six, or eight, minute ducts, 
unite to form one lactiferous tube, which inclines to the areola, 
where it dilates somewhat; but at the base of the qipple it nar¬ 
rows again, and runs in a straight course from its base to its sum¬ 
mit, where it terminates. The tubes are lindd throughout by a 
mucous membrane, which periheat^ the whole of their extent, 
and even covers the lobule. This inner lining appears to be en» 
closed in another tunic formed of cellular tissue. 

From this description it appears that the mammae, if we ab» 
struct the numerous vessels which cover every lobule, and which 
are too minute and intricate to admit of a chemical examination, 
are composed of cellular tissue lined witl/ mucous membrane-^ 
and therefore timilar to what has already C4>me under our review. 
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CHAPTER XXIII. • 

OF THE PANCREAS. 

• 

^ The pan^eas is a conglomerate gland situat^ behind the 
stomach between the spleen and duodenum one extremity be¬ 
ing in contact with the* spleen and the other surrounded by the 
curve of the duodenum, the left or splenic extremity is narrow 
, and thin; the right is broader, and called the ]^ead of the pe¬ 
eress. • A small part of it is detached somewhat from the rest, 
and ^led the lesser pancreas • 

Tbe«^anules of wMch this gland is composed are aggregated 
into lobules, which are connected sd as to form a mass of cellu¬ 
lar tissue! It is of a pale4ish colour, about six inches long, and 
OQp and a-half in breadth, and from half-an inch to three quar¬ 
ters in thickness. Each granule contains witliin itself all the 
elemesits of a secreting organ. In Us interior is a minute cell, 
being {he ultimate radicle of J|;he excretory duct, around which 
is a minute vascular plexus, all of which are supported and con¬ 
nectedly cellular tissue, in which also run filaments of nerves. 

Thus it, appears that, if we abstract the numerous vessels and ’ 
nerves which surrbund every granule, the panoreas consists chief¬ 
ly of cellular tissue. Doubtless the pancreatic duct, even to its 
capillary extremities in the granules, is lined with a mucous 
membrane. 


CHAPTER XXIV. 

OF THE 1.IVER. 

• • 

• The liver is a conglomerate gland of a large size, destined for 
the secretion of the bUe; a liquid, the nature and properties of 
jrhich will be described in a future chapter of this volume. 

The form of the liver is very irregular. Its colour is red¬ 
dish-brown, its upper surface is smooth and convex, and is divid¬ 
ed into two parts or Idbes. Its texture is pretty firm. It is in¬ 
vested by the peritoneum, except at the points of reflection of 
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the falx and of tlfe lateral and coronary ligaments. B^ow this se¬ 
rous coat is a thin lamella of cellular tissue, which invests the 
organ in its entire extent On the surface of the Jiver thl% la¬ 
mella is very tliin, but opposite to the transverse fissure it is con¬ 
siderably increased in quantity, encases the hepatic vessels, and ^ 
accompanies •them throughout their* ramifications) supporting 
them in their couKe, and constituting t\)c tissue in which tiie ca¬ 
pillary vessels are ramified. • 

,Thc liver is heavy, and weighs in an adult human subject about 
four pounds. Its transverse diameter is from twelve to thirteen ‘ 
inches, and its thickne^ from five to six inches. When torn or 
divided, the exposedfsurface presents a graniflar appearance, as 
if it were made up of minute grains or lobules. ,* • 

From the recent examination of the liver by* Mr Kiernan,* 
it seems pretty‘clear that it consists of a great number of 
small globules, each of which is made up of a reticulated pleaus 
of four different kinds of vessels supported by cellular tissue. 
These vessels are, 1. The minute radicles’of the biliary, *ducts, 
which divide and subdivide so as to form a mesh in the interior of 
the globule. 2. The terminal branches of the ^ena portgs, 
which convey blood to the biluu'y ducts, in order to seerste bile 
from it 3. The minute branches of the hepatic artery, winch 
convey blood inkwach of the globules, in order to supply the re¬ 
quisite nourishment to the parts. 4. The minute ramifications 
of the hepatic vein, which convey away the superfluous blood from 
the hepatic artery and throw it into the vena portce. Besides 
these four sets of vessels the liver, doubtless, contains lymphatics, 
which add to the complexity of the structure. The nerves also* 
of the liver serve to complete the structure of this complex or¬ 
gan. . 

From the preceding statemept it is evident that the liver con- 
^sists chiefly of a congeries of five diflerent kinds of vessels con- • 
nected together by cellular tissue. * It is not likely tliat much 
light could be throw'n on its nature by subjecting it to a chmni- 
cal analysis. We have, however, two elaborate analyses of the 
liver. Braconnot analyzed the liver of an ox in 1819 ;t aiu> 
Fromherz and Gugert made a similar set of experiments upon 
the human liver in 1827.^ Vauquelin, as long ago as 1791, had 
made a set of experiments on the liver of ^le skate (Bata batis,y^ 

* Pliil. Trans. 1883, p. 711. f Ann. de Chim. et dc Phys. x. 189. 

t Scheweiggpr's Journ. 1. 81. § Ann. de Chimie, x. 193. 

X » 
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Vauqnelin showed that the liver of the sks^, which is very 
large compared to the size of the other viscerdj contmns more 
than half its weight of a liquid fixed oil. It is well-known that 
a wmilar observation applies to the liver of the cod and orvarious 
.other dshes. 

* Braconnot ^pounded a quantity of*ox-liver in a nnirblc mortar, 
mixe^ it with water, aqd passed the mixture through a piece of 
cloth of a firm texture. Thcr greatest part passed through the 
cloth; but a number of minute vessels remained behind. The 
liquid thus filtered was muddy and somewhaUmilky. When 
heated it coagulated, and a quantity of albumen collected toge¬ 
ther at the bottoril of the vessel. This precipitate was dried, re¬ 
duced "^o powder, and digested in rectified oil of turpentine, 
which dissolved a portion of fatty matter, to which the milky ap¬ 
pearance of the liquid before coagulation waS* owing. The oil 
ofi turpentine being distilled off, the fatty matter remaining had a 
reddish-brown colour, and was viscid or almost solid. Its smell 
and •t&ate was similar^ to that of fried liver. It was insoluble in 
water; but soluble in alcohol of 0*833. When left long in con¬ 
tact with Rustic soda it was converted into soap. This fatty 
mattei^ like cerebrote from the brain, contained a notable quan¬ 
tity of phosphorus. 

When alcohol was employed to separate this fatty matter from 
the liver, it dissolved along with it an animal substance, which 
communicated to the fatty matter the property of mixing readily 
with water, and of forming a sort of emulsion, from which it 
could be precipitated by infusion of nut-galls. 

The albumen freed from the fatty matter by oil of turpentine, 
when burnt, left phosphate of lime with a trace of iron and some 
sulphate of lime. From these experiments it appears that the 
coagulum by heat consisted of al|;tumen, and a peculiar fatty mat¬ 
ter containing phosphorus. 

The liquid from which this deposit had fallen reddened litmus- 
' paper. When concentrated by evaporation it deposited some 
additional flocks of albumen, and left, when evaporated to dry- 
**nes^/i brownish-yellow extractive matter, which remains soft, 
and cannot be completely dried. This matter resembled much 
the osmazome of Thenard, but wanted its peculiar taste and fla¬ 
vour. Potash addei to it did not evolve ammonia, nor did sul¬ 
phuric acid evolve the smell of acetic acid. It contained no al- 
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kaline lactate, as boiling alcohol did net extract any from it 
Indeed that reagent dissolved very little of anything from it 
The portion insoluble in alcohol being dissolved in water and 
mixed with the infusion of nut-galls, let fall a {)recipitate,^ which 
Braconnot considered as albumen still remaining in it The excess 
of tannin being removed by the peroxide of tin, theT^maining li-* 
quid contained a matter, which, being ^aporated, left a substance 
similar to a vegetable extract, and containing a little azote. Be- 
in^ dissolved in water, it became acid without putrefying. 

Braconnot foitnd ox-liver to be composed of the following con¬ 
stituents : • 

Vessels dnd membran^, . f8*94 

Parenchyma, , . . 81*06 •* * 

• * 100*00 
The parenchyma contained the following substances: 


Water, . . . ^ . 68*64 

Dried albumen, * . . . 20*10* * 

Matter (containing little azote) soluble in 1 
water, and little soluble in alcohol, / 

Oil similar to cerebrote, . . 3*8^ 

Chloride of potassium, . 0*64 

Ferruginous'phosphate of lime, . 0*47 

Acidulous salt insoluble in alcohol, . 0*10 

Blood, a little. 


• 100*00 

Fromherz and Gugert analyzed the liver of a healthy young 
man who had been executed. Their process was as follows: 

After wiping the liver clean from blood, they cut ft into small 
pieces, and digested it in cold water till the liqpor ceased to dis¬ 
solve anything. The solution slightly red, mucilaginous, * 
and muddy. Being separated by hltration from the albumen, it ^ 
was evaporated to the consistence of a syrup. It left an extrac¬ 
tive matter, from which boiling alcohol extracted (beades ex¬ 
tractive) a substance, which partially precipitated on cooling in 
white flocks. This substance Fromherz and Gugert considered 
as casein. But they do not mention the characters which in¬ 
duced them to draw this conclusion. When calcined, it left some 
chloride of potassium and phosphate of lime. 
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The alcoholic solution had a disagreeable smell, which the al> 
cohol distilled from it retained. When evaporated to dryn^ * 
it left a darV-hrown visdd mass easily soluble in water, not pre* 
cipitatcd by acidsy but by infusion of nut-galls, trisacctate of lead, 
corrosive sublimate, and nitrate of silver. They considered this 
' substance as Msmazome, " 

The portion from the solution in cold water which the boiling 
alcohol had left undissolved had a pale-yellow colour, and was 
soluble in water. They considered it as salivvn mixed with a little 
casein. But they do not give us the cliaracters which induced 
them to draw this conclusion. 

The portion of liver which Vas insoluble ^n cold water was next 
treatecLwith boiling water. The decoction had a light-yellow 
colour. It was evaporated to dryness, and the residue treated 
with hot alcohol. The alcoholic solution, on cooling, dejiositcd 
sdmc floclcs of casein. It was evaporated to dryness, again dis¬ 
solved in hot water, and the solution treated with trisacetate of 
leadr. «The portion thus precipitated' was extractive. The por¬ 
tion not soluble in alcohol was gelatin. 

The portion of liver left after the action of cold and boiling 
water* <Fas treated with boiling alcohol. A transparent light- 
yellow tincture was obtained, which became muddy on cooling, 
and gradually let fall a yellowish-white precipitate, which was se¬ 
parated from the liquid and digested in ether. The ether dis¬ 
solved a portion of fatty matter, which crystallized in stars, and 
which was considered as stearin. The solution contained also a 
portion of elmn. 

The ether left a residue which possessed the following proper¬ 
ties : It was a solid, granular, brownish-yellow mass. When 
dry it became hard and brittle, and had neither taste nor smell. 
It did not melt when heated to 212^ At a higher tempera¬ 
ture it swelled up and burnt with flame, giving out a great deal 
of smoke. When distilled /7cr se it gave out a very small quan- 
^tity of carbonate of ammonia, probably owing to the presence 
of a little foreign matter. It was quite insoluble in water, inso- 
^luble*ln cold, but pretty soluble in boiling alcohol. It was inso¬ 
luble in ether. When heated with caustic potash, it formed a 
clear solution, from .which acids threw down white flocks. When 
these flocks were carefully washed with water, they were soluble 
in alcohol and ether, and the solution had no acid reaction. 
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They considered •It as a resinous body, Jto which thdy gave the 
name of liv&r r^sbu 

The alcoholic solution freed from the above described precipi¬ 
tate, bding reduced by evaporation to one-fourth ot its bulk, be¬ 
came muddy and brownish yellow, drops of* oil swam upon its 
surface together with larger masses,* which stronjgly reddene^ 
litmus-paper, andwtvhen the liquid cooled, partly crystallised in 
bundles of white needles, partly remained liquid, retaining the 
yellow colour. These substances were the stearic and acids. 

The alcoholiif solution from which these two fatty acids had 
separated being evaporated to dryness, left a brown substance, 
soluble in water, which was considered as extractive matteit * 
The portion of the liver not acted on by water or alcohol was 
considered by these chemists as the parenchyma of the liver, and 
not subjected to farther examination* 

The general result of the analysis of the human liver by Froji- 
herz and Gugert was as follows; 100 parts of liver contain, 

Watei^ . 61*79 

Solid matter, 38*21 


100*00 

The solid matter consists of, 

* • 

Matter soluble in water or alcohol, • . 71*28 

Insoluble parenchyma, . 28*72 


100*00 

100 parts of dry liver were found to contain 2*634 of salts. 
These were chloride of potassium, phosphate of lime, phosphate, 
of potash, with a little carbonate of lime and traces of peroxide 
of iron. 

It is hardly necessary to observe, that such analyses of an or¬ 
gan so complicated as Uie. liver, containing af least five dijBTerent 
sets of vessels, all of them filled witii bile, blood, or lymph, be¬ 
sides nerves and cellular tissue, cannot be expected to throw 
much light on its nature. It is not even likely to make us ac¬ 
quainted with any new animal substances. ^ • 
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CHAPTER XXV. ^ 

OF THE KIDNEYS. 

i: 

^ The Mdneys are the importaDt glands which separate the urine 
from Lhe blood. In man they are two in number, situated close 
to the spine on each side of the abdomen, just opposite the low> 
est of the false ribs. They are almost always imbedded in a 
great quantity of fat They liave a reddish-brown colour, a firm 
feel, and are about the size of the fist or rather less. Their 
shape resembles tliat of a kidney bean. Aiiteriorly they are co¬ 
vered by the peritoneum, which may be easily detached from 
them. VVhen a kidney is cut across we perceive that it consists 
of two different substanc>es distinguished from etlch other by their 
colour. These from their position are called cortical and me¬ 
dullary, 

-ThecorftcaZsubstarJce, placed immediately under the investing 
membrane, occupies the entire circumference of the organ, be¬ 
ing about two lines in thickness, and sends inwards prolongations, 
hefweer which the medullary portion is placed. It has a deep- 
red colour, is very easily torn, and consists almost entirely of the 
capillary terminatfons of blood-vessels. 

The meduUary part consists of a series of conical masses, the 
bases of wliich are directed towards the surface of the kidney, and 
the small extremities towards its fissure. The cones are invest¬ 
ed, except at their apex, by the cortical substance. The medul¬ 
lary substance is more dense than the cortical, and its colour is 
much lighter. As it is made up of a series of minute tubes, it 
is sometimes .called tubular substance. 

The fissure of the kidney lodges the renal artery and vein, the 
nerves and lymphatics, together with the commencement of the . 
excretory duct. This duct, dalled the ureter^ expands opposite to 
ifiie fissure of the kidney into an irregular oval cavity willed the 
'pehis. The pelvis gives off three tubes, one to each extremity 
cf the organ, and the other to the middle opposite the fissure. 
Each of these tubes, again, subdivides into from seven to thirteen 
smaller tubes, each of which terminates in a cup-like cavity cal¬ 
led calyx. Each calyx embraces the extremity of one or more 
rounded processes called papUlcs; and each papilla is the summit 
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of a conical ma^ whose base iroks to]|^ards the cii^umference 
of the kidney, ^nd is;, together with the ades, as it were, imbed¬ 
ded in the cortical part of the kidney. The conical masses are 
usually more numerous than the calyces, in wluch they terminate. 
£ach is composed of minute tubes, <5ne end*of which opens on 
the surface of the papilla, and, therefore, pours iti^ pontents into ' 
the investing calyx, while the other, prolonged to the base of the 
cone, is there continuous with the papillary termination of the ar- 
tejies, from which it receives the urine the moment it is separat¬ 
ed from the blood. It passes successively by the tubuli, calyces, « 
smaller tubes or infuudibula, and pelvis; whence it enters the 
ureter, and is conveyed to the bladder. • • • 

The pelvis is covered by a mucous membrane, which, (3^pubt- 
less, lines also the tubuli unniferi to their minutest termination. 

It is probable alft> that the ^brous iflvestment of the infundibu¬ 
lum and calyx is prolonged so as to become continuous with ^e 
fibres which constitute the tubuli. 

From the preceding description it is obfious that the oortical 
part of the kidney is little else than a congeries of vessels and 
nerves connected together by cellular tissue. It is <n this part^ 
that the urine is sejKurated from the blood. Themedull^y por- ^ 
tion consists of a congeries of tubes, also connected Ijy cellular 
tissue, through which the urine is conveyed tb the pelvis of the 
organ, whence it passes by the ureters into the bladder. It fol¬ 
lows from this complicated structure that little light is likely to 
be thrown upon the nature of these organs by subjecting them to 
a chemical analysis. It would be impossible to separate the dif¬ 
ferent kinds of vessels from each other, in order to examine then^ 
separately, and scarcely less difficult to free them from the liquids 
with which they are filled in the living animal. , 

Berzelius removed the serqus membrane which covered the 
, kidneys of a horse, cut the kidney itself intd small pieces., and 
suspended them in cold water fill they ceased to colour that li¬ 
quid. lie then pui the kidney into a porcelain mortar, anti 
pounded it with a wooden pestle. By this process it was 
almost all converted into a liquid, which he filtered t|;trougli 
cloth. On the cloth remained a fibrous matter, which was knead¬ 
ed in water as long as it rendered that liquid milky. The fi¬ 
brous matter remaining after these processes constituted an ex-^ 
ceediugly small portion of the kidney employed. This solid re¬ 
sidue possessed the following properties: 
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It was wnitc, and composed of fibre, and resembled exactly in 
appearance the fibrin of the blood. When dried' it became yel¬ 
low mid translucent. Ether dissolved from it a fatty matter, 
which Berzelius cpnsidered as a mixture of stearin and elmn. 
Water 'softened it,/dnd restored its original appearance. When 
Jong boiled, it,contracted and became hard. Watea scarcely dis¬ 
solved anything from it >^Conoentrated sulphuric acid neither 
dissolved nor decomposed it, nor did it reduce it to a jelly as it 
does fibrin. Nitric acid of specific gravity 1*12 dissolved it when 
assisted by heat, but without decomposing it As few colourless 
flocks remained undissolved. The solutiqn was pale-yellow, and 
whetu ^turated with ammonia became deep*yellow, but no preci¬ 
pitate foB. It was neither precipitated by prussiate of potash nor 
by infusion of nut-galla Concentrated muriatic acid seems at 
first sighj: not to attack the solid matter of the kidney, but it gra¬ 
dually assumes a violet colour, and in the course of a few days 
dissolves the whole of it without the assistance of heat. The so¬ 
lution was not precipitated by prussiate of potash, nor by ammo¬ 
nia. W^hen saturated by ammonia and evaporated to dryness, 
th^ residue'redissolved both in water and alcohol. It was not 
rendered gelatinous by concentrated acetic acid. But when di¬ 
gested in dilute acetic acid, it was divided into two substances, 
one of which dissolved in the acid, while the other remained per¬ 
fectly insoluble. 

The solution being evaporated to dryness, left a colourless and 
translucent residue. It dissolved in a little cold water, and the 
solution in forty-eight hours assumed the form of a jelly, which 
"dissolved in water, leaving a mucilaginous matter, which dissolv- 
ed also when the water was heated. But it was again deposited 
when the water cooled. The solution did not react as an acid, 
and had neither coloui', taste, nor, smell. It was not precipitated 
^by prussiate of pot^h nor by acetate of lead, diacetate of lead, 
nor by corrosive sublimate. " But infusion of nut-galls threw it 
down in large detached flocks, which did not unite into a cohe¬ 
rent mass when heated. 

•• Caustic ammonia decomposed the solid residue from the kid¬ 
ney, as well as acetic acid. What the alkali had dissolved re¬ 
mained, after the eva|mration of the liquor, under the form of a 
colourless mass; and contained a matter soluble only in hot 
water, in greater quantity than existed in the acetic acid solution. 
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It contained besides a substance insoluble in boiling water. 
The aqueous sdlution of the dried mass had no taste, and neither 
reacted as an acid nor as an alkali Even after ad^ng to i^ an 
add, it*was not precipitated by prusdate of pptash; but it was 
thrown down by acetate of lead, corrective sublimate, andT by the 
infusion of nut-galls. The* portion insoluble in ummonia ha<h 
not altered its appearance. Dilute caystic potash dissolved it 
with difficulty, or even not at all vdiile cold. But, by the appli¬ 
cation of a moderate heat, it was slowly but completely dissolved. 
Acetic acid, being added in excess, precipitated the portion in¬ 
soluble in that reagen^ • 

From these reactions it follow? that the sblid portion of the 
kidney is neither fibrin nor ^cellular tissue. It approacl^es dear¬ 
est to the fibrous coat of the arteries, and probably, therefore, is 
little else th.'iii a^:ongeries of blood-vessels. « 

The liquid of the kidney separated from the fibrous matter, 
the characters of which have been just described, was muddy and 
mucilaginous, and resembled milk. Wheh heated to nefifly the 
boiling point it coiigulated into a mass so thick that it was neces¬ 
sary to boil it with an additional quantity of w'ater,*in order.g;tai» 
l)e able to separate the coagulum from the liquid portiorip This 
eoagulum was dried and digested in ether, wliich separated a 
considerable quantity of fatty matter. The residue when mois¬ 
tened with water assumed its original appearance. It was dis¬ 
solved in caustic potash, and acetic acid added in great excess. 
The matter described above as insoluble in acetic acid was pre¬ 
cipitated. From tliis it was evident that the •coagulum was al¬ 
bumen mixed with capillary blood-vessels. • 

The liquid separated from the coagulum was acid. When 
evaporated it left a yellow extract mixed with saline crystals. 
Alcohol of 0*8333 dissolved ^om it a yellowish acid extractive 
, matter, together with some common salt And the matter re^ 
maining after the action of the alcohol was precisely the same 
as the corresponding substance obtained from the liquid expresseSH 
from muscle. It w'as mostly soluble in water, and the solution 
when evaporated left a pale yellow, transparent, hard substanc^, 
which contained phosphates. It was copiously precipitated by 
lime-water. Wliat the water had left undigsolved was soft, white, 
and semitransparent. It was soluble in hot water, from which it 
was precipitated by tannin. 
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Berzelius concludes £rom these experimenti^ that the capillary 
tubes of the kidneys contain, a liquid very rich id albumen, and 
rendered aci(l by the presence of a little lactic acid. But that 
no fibrin exists in, it Berzelius attempted in vain to discover 
the presence of urea in the liquid from the kidneys.* But the 

9 resence of that substance has since *been detected in it 

« • 

< 

CHAPTER XXVI. 

OF THE OTHER GLAl^US. 

♦ • * 

Bb3 I])E8 the mammae, pancreas, liver, and kidneys, there are 
many other glabds in the living body, destined to secret various 
substances for purposes connected with the welfiire of the living 
anknal or with the continuance of the species. It may be proper 
to notice some of the most important of these glands in the pre¬ 
sent chapter. 

1. Salivary glands .—These glands are six in number; name- 
^y^two parotid, two submaxillary, and two sublingiuil; one of 
each oif each side of the face. 

The parotid gland, as the name implies, is placed near the ear. 
It extends from the zygoma to the angle of the jaw and the mas¬ 
toid process. It has a pale-ash colour, and is composed of mi¬ 
nute granules aggregated into lobules and lobes. The external 
surface of the gland is covered by the skin and partially by the 
platisma muscle, £ftid bound down by a prolongation of the cer¬ 
vical fascia. The external carotid artery and vein passes through 
its substance, and also the fascial nerve. The chemical proper¬ 
ties of this gland have not hitherto been subjected to examination. 
Nor does it seem possible to separiite the glandular tissue from 
^he numerous vessels with which it is filled. 

The sidmaxillary gland lies behind and beneath the ramus of 
tUe jaw. It is separated from the parotid gland by the stylo¬ 
maxillary membrane, where it is covered by the skin and platis- 
ifla, and invested with a thin membrane of cellular tissue. The 
facial artery runs in a groove on its upper suface. Its excre¬ 
tory duct, called ductu\ Hhartoni, terminates towards the side of 

* Traits de Cbimie, vii, 334. 
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the frenum Ungu<E, No chemical expariments have hitherto 
* been made upoif th's gland. 

The sttblingiLal gland Is much smaller than eithei^ of the gre* 
ceding. * It lies beneath the tongue close to Ijie side of its fre> 
num. Its secretion is poured into the*monthly several tninute 
orifices, which open bei^tb*thc tongue on each side. Nothing* 
is known concerning its chemical constitution. * 

2. The testes are two in number* an 1 .^ome time before birth 
lie ,011 the psoas muscle near the lower extremity of the kidheys. 
Each of them is invested by a proper capsule, and receives, besides, ‘ 
a partial covering from |he peritonaeum. About the eighth month 
the testis enters the rfng lying behind the process of the perito¬ 
naeum, which goes out of thc^abdomen by the inguinal cayalf and 
in the ninth month it is found in the bottom of the scrotum. 

The testis is eiTclosed in a firm capsule called the tunica al- 
huginea. It is of a clear white colour, dense, and fibrous, and the 
fibres interlace in every direction. At the posterior border it 
sojiaratcs into two laminae ;• one of which, the external, i§ tionti- 
nued to the rias deferens. The inner surface of the albuginea is 
lined by a delicate membrane formed of the ultima^ ramifiqj^ 
tions of the spermatic blood-vessels, fhiited by a little cellular 
tissue, and thence called tunica vasculosa. The testis*itself, be¬ 
low these coverings, has the appearance of a soft, pulpy, dark yel¬ 
low mass, divided into lobes. It is composed of a great number 
of minute tubes, called tuhuli seminiferi, which do not communi¬ 
cate with each other. The lobes difier in size, some containing 
one, and others a greater number of seminal tubes. Their shape 
is somewhat conical; the large end of which is directed towards * 
the circumference of the testis. 

The seminal tubes are the vessels in which the semen is se- 
(Teted. According to Monre^they are almut 300 in number, 
,the length of each is about sixteen feet, and the diameter about • 
y^^th of an inch. Each of these sinall vessels commences by a 
closed extremity, tow'ards the inner surface of the fibrous cover* 
ing of the testis, and from this point it proceeds in a zig-zag 
course towards the middle of the organ. It loses its convoluted* 
appearance when it approaches to what is called the mediastinum 
of the testis, and, passing through its fibrei^ opens into the next 
order of vessels. 

The second order of vessels is situated in the substance of the 
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tumea albuginea, occupying the anterior part of the process of it 
called mediastinum. The blood-vessels occupy the posterior* 
pa^ The^e vessels constitute what is called rete testis. Being 
less convoluted tl^an the tubuli, they are called vasa rectcu Their 
direction is backwards ahd upwards to reach the posterior and 
c upper part of the testis. The vasK rec^a are not«so numerous, 
but larger than the tubuli seminiferi, from which they receive the 
secretion; but they are more numerous and smaller than the 
vess6ls into which they discharge it. 

These are the vasa ^erentia, Tliey are from twelve to fifteen 
in number, and open separately into a sjngle vessel of which the 
epididymis is formed. This /essel or tube is very much convo¬ 
luted, ‘^nd the convolutions arc united together by small fibrous 
bands. It terminates in the vas deferens, which is the excretory 
duct of.the testis. ' 

t'From the preceding description, it is evident that the testis is 
composed almost entirely of tubes and blood-vessels connected 
togethpr by fibrous bands. It would be next to impossible to se¬ 
parate the different vessels from each other, so as to be able to 
i^xaminc each kind separately. And from the great minuteness 
and thinness of the tubesj the different coats of which they are 
composed cannot be recognized, far less separated from each 
other. We need not be surprized, therefore, that no attempt 
has hitherto been made to determine the chemical constitution 
of the testes. 

3. The lachrymal gland is placed at the upper and outer part 
of the orbit, near its anterior Wder, corresponding with the la- ' 
•chrymal fossa in the orbital plate of the frontal bone. The 
gland is convex on its upper surface. Its under surface is con¬ 
cave, wliere it rests on the globe of the eye, the recti muscles 
interposing. Its length is three^uarters of an inch, its breadth 
balf-an inch. It is divisible into two lobes, so closely connected 
that the line of separation is not easily seen. When stript of the 
^'Cellular tissue it is observed to be composed of a number of gra¬ 
nules, each forming a secreting structure, which produces the 
''tears. 1 From the granules arise excretory ducts, \rhich emerge 
from the gland at its anterior border, run downwards and in¬ 
wards close to the conjunctiva, and open in a row upon its free 
surface about three lines above the upper margin of the tarsal 
cartilage. These ducts are usually seven in number. 
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The lachrymal* gland resembfes the piammary ailll salivary 
* glands and the«pancreas, in this respect, tliat the ducts ramify 
with a certain degree of regularity, the principal trunk giving 
off bradches laterally at certain intervals, the^ sending out in 
the same way side branches, which iif their turn affords third 
set No attempt, so far a»l know, bus hitherto been made to« 
determine the chemical nature of the Jachrymal glands. • 

4. Most of the other glands aje so small in size that their 
structure has hitherto eluded the observations of anatoinisW, and 
the researches «f chemists. The glands of the meatus audiUnius • 
extemus, which secrete the cerumen of the ear, may be mentioned 
as examples; also the sebaceous glands those^by which insefisi- 
ble perspiration and sweat are elaborated, and which, fron> recent 
observations, seem to liave a form somewhat resembling’ a cork 
screw. The glafids of the* larynx, •those that secrete, mucus, 
those which elaborate the gastric juice, and many other minute 
glands, still remain unknown as &r as their structure is concerned. 


CHAPTER XXVII. 

• OF THE LUNGS. 

The lungs are the important organs by which respiration is 
performed; a function so necessary to life that it cannot be sus¬ 
pended even for a few minutes without death. The lungs in 
man and most quadrupeds are double, one lung being situated* 
on each side of the thorax. Each lung is surrounded by the 
pleura, and they are separated from each other by^two folds of 
the pleiura called the mediastinum. Th& lungs are connected 
with the mouth and nostrils a cartilaginous tube called the 
* trachea. The upper part of this air tube, being so constructed* 
as to constitute the organ of the voice, is named the larynx. It 
consists of cartilages, ligaments, and muscles, and is lined by a 
mucous membrane. Besides tliese there are blood-vessels and 
nerves, and some glands. The cartilages are the thyroid, cri¬ 
coid, and the epiglottis, which shuts the mouth of the laiynx, by 
closing down upon the rima gloUidist in ortier to prevent foreign 
substances from making their way into the lungs. These three 
are large single cartilages constituting the throat, and very con- 
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spicuous on the fore pa^t of the neck. Below them are two pairs 
of small cartilages; namely, the ary tsenoid and cuneiform car¬ 
tilages. 

The thyroid cartilage is deficient behind, its place being sup¬ 
plied by a strong membrane. The cricoid cartilage makes a 
fOomplete circle round the tube. The trachea is.A cylindrical 
tube, which extends from the cricoid cartilage to the third dor¬ 
sal vertebra. It is composed, of fibro-cartilaginous rings, vary¬ 
ing from sixteen to twenty in number, and of membranes whjch 
connect them. The rings do not extend all round the tube; 
they are wanting behind where the tracl^a is contiguous to the 
oesophagus. A thin clastic fibrous lamella- forms the circumfe¬ 
rence of the tube, serving to connect frie cartilaginous rings, which 
seem as if developed on its interior, and also to complete the cir¬ 
cuit behind where the cartilages are wantiifg. Within, the 
trachea is lined by a mucous membrane. Where the cartilages 
are deficient, the mucous membrane is supported by some longi- 
tudin^h and beneath these we- find a series of muscular 

fibres, as in the intestinal canaL 

At the third dorsal vertebra the trachea divides into two 
branch 3S called broncliii, one of which proceeds to each lung. 
They arc composed of the same constituents as the trachea; but 
the rings, as we go downwards, gradually lose tkeir annular form, 
and become lamellae of irregular shape, placed in different parts of 
the circumference of the canal. As the tubes pass down they 
subdivide into more and more branches, and at the points of 
subdiviaon they are still somewhat annular, so much so at least, 
cas to keep the orifices open. So far as recognizable by our sen¬ 
ses the minute bronchii seem to be composed of the same mate¬ 
rials as the larger tubes; but reduced to the greatest degree of 
tenuity. These minute tubes gradually terminate in small glo- 
, bular vesicles, a edngeries of which constitute the body of the 
lungs. * 

( The external surface of the lungs is smooth and convex. They 
are divided into different lobes, and are covered by‘a thin serous 
membr/ine, a continuation of the pleura. Upon the interior sur¬ 
face of the small globular veiticles, in which the bronchise termi¬ 
nate, the pulmonary artery and vein ramify, so as to expose the 
whole blood'as it passes through the limgs to the action of the 
air. These veticles are doubtless coated by a continuation of 
the mucous membrane which lines the trachea. 
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From the preeeding description we ^ee that th^ air-tubes 
'and lungs are aomposed of cartilage, fibrous membrane, and 
mucous membrane intenially, and a serous membrane exter¬ 
nally ; besides blood-vessels and nerves. The carriages wfien 
long boiled in water mostly dissolve, but tlie solution does 
not gelatinizQ, however mugh it may. be concentrated. The ^ 
serous and mucous coats are doubtless of the [same nature 
as those in other parts of the body^ and *the same must be the 
case with the arteries, veins, and nerves. But no experiments 
have been made^upon the fibrous membrane; though in exter¬ 
nal appearance it bears considerable resemblance to the fibrous 
coat of the arteries, .l^either has anything been ascertained re¬ 
specting the chemical nature of the tissue which connects thg in¬ 
numerable vesicles of which*the lungs are composed with one 
another. The lungs themselves have^a peculiar appearance, dif¬ 
fering from that of every other part of the body, and this must he 
owing to the nature of the tissue which connects these vesicles to¬ 
gether. But it would be extremely difficult, if not impossible, 
to examine that tissue separate from the various membranes and 
blood-vessels with which it is so intimately connected.' 


•CHAPTER XXVIIi: 

OF THE MEMBRANES OF THE EYE. 

’ The eye is a globular body filled internally #vith the aqueous 
humor, the lens and the vitreous humor, and surrounded exter- • 
nally by three or four difierent membranes or coats. These are 
the conjunctiva, the sclerotic coat, and the cornea the chormd 
coat, Jacol/s membrane, and the retina, • 

1. The conjunctiva lines the free border add inner surface of 
the eyelids, from which it is reflbeted on the globe of the eye, so 
as to cover its anterior third. It is red and vascular on the lids^ 
but firm and pale on the sclerotic, and very tliin and transparent 
on the cornea. The chemical properties of this coat ha^e not* 
been ascertained; but it is not unlikely that it has at least a great 
analogy to the cuHcle, 

2. The sclerotic may be considered as (he true external coat 
of the eye, since it covers the whole of it except the gmgll por¬ 
tion occupied by the cornea. It is thick, dense, and opaque. 
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Externally it is covered by cellular tissue and9 fatty matter, but 
its inner side is smooth and shining, with a pear?.y or almost sil- 
veiT lustre. When boiled in water it is converted into gelatin, 
and is therefore similar in its nature to the skin. If cut it 
into small pieces, mid digcSst it in water, the liquid assumes a yel¬ 
low colour, and holds in solution an extractive matter similar 
to that obtained from muscle. When the sclerotic coat thus treats 
ed is boiled in water, the jelly obtained is colourless, but contains 
mixed with it numerous fragments of blood-vessels. Muriatic 
acid causes the sclerotic coat to contract, and dissolves it rapidly 
when raised to a boiling temperature. No gas escapes during 
the solution. Acetic acid alsacauscs it to contract, deepens the co- 
louTc and when boiled on it renders it semitransparent, though 
it does not dissolve it; but if wc add water, and boil it, a solu¬ 
tion tal^es place which gelatinizes oh cooling. <■ Potash and prus- 
si^te of potash do not precipitate this solution. Hence it followg 
that the sclerotic coat contains no fibrin.* The tendons of the 
muscles of the eye bbing spread upon the sclerotic coat must in 
some measure modify its chemical properties. 

3. The bomea is a transparent membrane, which occupies the 
fore-pert of the eye, and is inserted into the sclerotic somewhat as 
a watch-gjass into a watch. It adheres firmly to the sclerotic, 
so that long maceration is necessary to separate them. It is 
composed of thin lamellae, and in the living eye is quite transpa¬ 
rent ; but after death it acquires a grey colom* and a semitrans- 
parency, and when plunged into water it becomes opaque and 
white like coagulated albumen. When boiled in water it swells 
very much, then softens, and is gradually dissolved. The solu¬ 
tion on cooling coagulates into a jelly. It is soluble in muriatic 
acid. In qpetic acid it swells without becoming transparent 
When we digest it in acetic acid the liquid acquires the property 
^ of being precipita^ by prussiate of potash. This shows that^ 
the cornea besides gelatin contains also albumen, 
t 4. The choroid coat lies immediately within the sclerotic, to 
which it is attached by cellular tissue. It is soft* and dark-colour¬ 
ed, lopse in its texture, and consists of two lamellse, which are 
separable behind, though connected before. It is essentially vas¬ 
cular in its structure, being composed of minute arteries and 
veins united by cellular tissue. The veins, for the most part, 

* Berzelius, Traite de Chimie, vii. 449. 
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occupy the external, and the arteries th^intcanal surface of the 
choroid. Froift this account, it is obvious that when this coat is 
boiled in water, the cellular tissue will be convert^ into gjlue, 
while the veins and arteries will remain undissolved. 

5. Within the choroid, and next Ihe vitreous humour, with 
which it is mferely in apposition, lies the retina^ which is an ex<* 
pansion of the optfc nerve. It is a soft and pulpy membrane. 
In the living eye it is transparent, •but a few hours after death it 
beeomcs of a pale-white colour. According to Lassaigne, who 
analyzed i^ its Constituents arc the same as those of the medul- ' 
lary part of the brain.* But it contains scarcely x^pth dl^ fatty 
matter, one portion of which contains phosphorus, and cannot 
be saponified, while the othor is capable of being converiect into 

a soap like common fat The retina contains 

"W^ater, , . 92*9 • 

Albumen, . 6*25 • 

Fat, . . . 0*85 

100-0 

70-36 
22-07 
4-40 

96*83 

6. The pigmentum nigrum is spread upon the choroid, by the 
inner membrane of which it appears to be secreted. It is easily 
obtained by washing the choroid coat (freed from the retina) in * 
water as long as that liquid is discoloured. It remains long sus¬ 
pended in water, and then appears of a deep-brftwn colour. 
But it may be collected on the filter, and then constitutes a black 
coherent mass. This substance w^ examined chemically by« 
Berzelius, and some years after by Leopold Ghnelin. 

Berzelius found it insoluble in water both cold and hot. It* 
was also insoluble in alcohol and in dilute nitric and muriatic 
acids^ as also in concentric acetic acid. Yet these acids a&sume* 
a shade, of yellow. Dilute potash ley dissolves it with diffi¬ 
culty, and on^ after long digestions. Th» solution is deep-yel¬ 
low, and muriatic acid precipitates from it the colouring matter 
having a light brown colour. 

Y 


While the optic nerve contains 
Water, 

Albumen, 
Cefebrote and fat, 
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When heated in the' open air it behaves rather like a vege¬ 
table than an animal substance. It does not melt bor swell, gives 
outdittle smoke, but emits a disagreeable vegetable odour. When 
the heat is increased it burns with flame, and leaves a greyish 
ash having a shade of red. This ash dissolves with effervescence 
*in nitric acid/ and leaves a little pcrbxide of iron libhind. 

Gmelin distilled the pigihentum nigi'um andobtained an cmpy- 
reumatic oil, carbonate of aUimonia, and combustible gas, and 
water. I'he charcoal remaining in the retort amounted to 41*6 
per cent of the pigmentum nigrum distilled. Tliis charcoal was 
diflScidt to incinerate. The ashes which-it left consisted of chlo¬ 
ride of calcium, carbonate and phosphate of lime, and peroxide 
of iron.< A solution of chlorine made the pigmentum nigrum 
much paler and dissolved about the half of it. The undissolved 
portion was rendered deep-brown, and readily dissolved by potash 
ley. The acids precipitated it from that solution with a brown 
colour. Fuming nitric acid dissolved the j)igmentum nigrum 
with effervescence, and the solution liad a reddish brown coloiu*, 
was bitter, and partly precipitated yellowish brown by water and 
-itA alkali. When concentrated sulphuric acid was heated with 
pigmentum nigrum sulphurous acid was given out, and a black so- . 
lution wak formed, from which water threw down brown flocks, 
which were not so easily dissolved by potash as the unaltered 
pigment Boiling muriatic acid dissolved a small quantity of 
the pigment; the solution had a brown colour. Caustic potash 
dissolved it slow^ and incompletely at the boiling temperature; , 
the solution had a reddish brown colour and disengaged ammo¬ 
nia. Muriatic acid threw down from this solution brown flocks, 
soluble in cold potash ley and in ammonia. The pigmentum 
nigrum is insoluble in both fixed and volatile oils.* 

In short, the projierties of the pigmentum nigrum of the eye 
' are very similar to those of thc<dark matter which constitutes the 
ink of the cuttle-fish. 

Dr Scherer subjected it to an ultimate analysis.t He obtained, 

^ Carbon, . 58*21 

Hydrogen, . 5*92 

Azote, . 13*77 

. Oxygen, . 22*10 


100*00 

• Traitfe de Chimic, vii. 461. t Ana. der Pfaarm. xl. 63. 
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Were we to construct an empirical formula it would be C* 

H2» Az* 0“, shWing that it has nothing in common with protein 
cuticle, horn, hair, or feathers. 

• 

• _ 

' .CHAI^TER XXIX. 

OF sii!k. 

Silk is the*production of different species of caterpillars. 
The Phalen/i hombyxjsnxiosi commonly propagated for thai pur¬ 
pose ; but the Phahma atlas yields a greater quantity. A sub¬ 
stance somewhat analogous •is yielded by the greater nuinBer of 
the tribe of caterpillars. It* is found^ enclosed in two small bags, 
from which it is protruded in fine threads, to serve the iflsect for 
a covering during its chrysalis state. The silk worm is a da¬ 
tive of China, and feeds on the leaves of, the white mulberry. 
That industrious nation was acquainted with the manufaettlre of 
silk from the most remote ages; but it was scarcely known in 
Europe before the time of Augustus. Its beauty attracted tlfc “ 
attention of the luxurious Romans; and after the effeminate 
reign of Elagabulus it became a common article of'dress. It 
was brought from China at an enormous expense, manufactured 
again by the Phenicians, and sold at Rome for its w'eight in gold. 
In the reign of Justinian, (from a. i>. 527 to 565), this com¬ 
merce was interrupted by the Scythian tribes, and all attempts 
to procure it failed: till two Persian monks had the address to 
convey some of the eggs of the insect from China to Constanti¬ 
nople, concealed in the hollow of a cane. They were hatched 
and the breed carefully propagated. Thii^ happened in the year 
555 of the Christian era; and fiome years after, we find that the 
'Greeks understood the art of piwcurjng and manufacturing silk* 
as well as the orientals. Roger, King of Sicily, brought the ma¬ 
nufacture to that island in 1130, forcibly carrying off the weavers 
from Greece, and settling them in Sicily. From that island the^ 
art passed into Italy, and thence into France, and the revdeation 
of the edict of Nantz established the manufactory of silk in 
Britain. 

Wliat constitutes silk exists in the body of the worm in a li¬ 
quid state. In proportion as it exudes from the animal it liar- 
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dens into a thread, and is then distinguished by the name of raio- 
silk. There is another liquid which exudes frodi the silk at the 
same'time, and which, by solidifying, covers the thread with aMnd 
of varnish. The*raw-silk as spun by the worm is rather brittle. 
It acquires flexibility andt softness by boiling it with soap and 
•some other processes, through which it passes before it is manu¬ 
factured into silk cloth or ribbons or thread.' 

Roard in 1807 published an elaborate set of experiments on 
silk.* He examined the action of water, alcohol, acids, alkalies, 
and soap upon silk, and extracted from it raihous substances, 
whiej^ he distinguished by the names of gum, colouring matter, 
and wax. His paper was valuable; but organic chemistry had 
not ht'that tim^e made sufficient progress to enable him to make 
a satisfactory analysis of, silk. The subject was taken up by 
Muldei in 1836.t 

To analyze silk Mulder weighed out 77*2 grammes of raw 
yellow silk, and 59*^5 grammes of white raw-silk. Being wash¬ 
ed ill cold water that liquid was rendered yellow by the yellow 
silk. It Ivad dissolved the substance which constitutes the difi'er- 
"i^nce between yellow and white raw-silk. From this it would 
appear that this substance is soluble in cold water. 

1. Both kinds.of tilk were now boiled in distilled water, re¬ 
newed repeatedly till the water ceased to be thrown down by 
the infusion of nut-galls. Long boiling and much water was ne¬ 
cessary to free the silk from every thing soluble in that liquid. 
By this treatment the yellow silk was rendered lighter coloured; 
but the white was not altered. Both had acquired a softer feel. 
Being dried the white silk had lost 16*75 grammes of its weight, 
and the yellow 22*28. Or the white silk lost 28*12, and the 
yellow 28*86 per cent 

The decoctions being evaporated to dry-ness over the water 
' bath, a brittle greenish coloured matter remained, not altered* 
,by exposure to the atmosphere. This is the substance which 
Board distinguished by the name of ffum, 

, 2. The silk was now boiled in absolute alcohol. The yellow 

silk lost its colour. The treatment was continued as long as the 
alcohol acquired any colour from the yellow silk. The alcoho¬ 
lic solutions from both silks were distilled till only four ounces 

* Ann. de Chim. Ixv. 44. 

t Poggendevrs Annalcn, xxxvii. 594, smdxl. 266. 

S 
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of each remainld. On cooling both «deposIted bulky flocks, 
which were se]9aratcd by the filter. The liquid being still far¬ 
ther concentrated deposited more flocks, which werq added tg the 
former ones. These flocks from the yellow, silk amounted to 
1*03 grammes, and from the white to 0*62, or 1*33 per cent fro 
the yellow, and 1*04 from the wMte. * • • 

3. When the dcoholic tincture oeased to deposit any*more 
flocks it was evaporated to dryness. That from the white silk 
gave out a peculiar smell and let fall a colouring matter, which 
adhered to thc<l)ottom of the vessel in stripes. The alcohol from 
the yellow silk deposited a similar substance of a yellow qolour. 

This matter from^he yellow wdghed 0*11 grammes, and^om 
the white 0*15 gramme. Qr that from the yellow silk VasrO'ld 
per cent, and that from the; white 0*25 per cen{. The residue 
from the white silk had a fine red colour. • 

4. The silks were now digested in repeated portions of ethhr, 
till tliat liquid ceased to dissolve anything. ^ The ether being eva¬ 
porated, there remained a'colourless residuum, weigliing*from 
the yellow silk 0*01 gramme, and from the white 0*0^; or 0*012 
per cent, from the yellow, and 0*05 from the white. 

After these processes, the yellow* and wliitc silk could not be 
distinguished from each other by their appearg.nce. * 

5. The silk thds treated with water, alcohol, and ether was 
now digested in concentrated acetic acid. There remained un¬ 
dissolved of the yellow silk 41*19 grammes, of the white silk 
32*18; or of the yellow 53*3 per cent., and of the white 54*0 
per cent. 

6. The substance (No. 1,) which had been separated from the* 
silks by boiling them in water was treated with alcohol raised to 
the boiling temperature. When the tinctures coolM, flocks si¬ 
milar to those of (No. 2) separated. Whilew under the liquid, 

•they were very bulky, but w'hcib the .alcohol was distilled off they* 
lost much of their bulk, and formed a clammy substance very 
small in quantity; since tliat from the yellow silk weighed only 
0*05 gramme^ and that from the white 0*04; or that from the 
yellow amounted to 0*064 pgr cent, and that from tlie wBite to 
0*067 per cent The residual alcohol being evaporated, left a 
residue too small to be weighed. • 

7. This clammy substance was digested in ether. But the 
ether being evaporated, left a residue too small to be weighed. 
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Mulder considers the substances thus obtained as constituting 
the principles of which the silk is composed. 

1; The substance extracted by boiling water, and remaining 
after the residue of the decoction had been treated with alcohol 
and ether, was heavier than water, friable, and destitute of taste 
And smell. It did not totally dissolve in water. The solution 
was tihick and opal, and, adhered to the fingers; but it did not 
gelatinize on cooling. Both silks yielded to boiling water two 
dilferent substances, one of which was insoluble in boiling water, 
and could be separated by the filter, the other forming a thick 
adhe^ve solution. The first of these substances Mulder consi¬ 
ders as aUnimeTif the second as gelatin. 

2. ’ The flocks which were deposited from the alcoholic solution 
when it cooled,* he distinguishes by the name of cerin. 

3. The substance which remains when the alcoholic solution, 
frfied from the bulky flocks, is evaporated to dryness, consists of 
a fatty matter and a resinous body, and besides these two in the 
residue from the yellow silk, there was a quantity of colouring 
matter. 

4. What the ether dissolved was also a mixture of fatty mat¬ 
ter and resin. 

5. The substaqce dissolved from the silk by concentrated ace¬ 
tic acid possessed the characters of tliat obtained by water, and 
which he had already distinguished by the name of albumen. 

6. The substance remaining undissolved after the silk had been 
subjected to the action of all tliese reagents, Mulder considered 
as Jibrin. 

The following table shows the results obtained by these ana¬ 
lyses: 



Yellow Silk. 

White Silk. 

Fibrin,, 

53-37 

54*04 

Gelatin, 

, 20-66 

19-08 

Albumen, 

24-43 

25-47 

Cerin, 

1*39 

Ml 

Colouring matter, 

, 0-05 

0-00 

Fatty matter and 

resin, 0-10 

0*30 


100-00 

100-00 


1. The properties of the fibrin from silk and its constitution, 
according to Mulder’s determination, have been ^ven in a pre- 

4 
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ceding chapter this volume. It differs so much*both in its 
properties and^composition from Jtbrin from blood, that it would 
be better to distinguish it by a particular name. ^ , 

2. i?he substance from silk which Mulder palls gelatin is brit* 
tie, slightly yellowish, and translucent It has neither lastc nor 
smell, is not altered by e}t{)osure to *thc air, and is specifically 
heavier than water. When heated it swells up, catches fire, 
burns with fianie, and loaves a bulky charcoal. When this char¬ 
coal is burnt, it leaves a white residue, consisting chiefly of car¬ 
bonate of soda# In water it is completely soluble, but it is inso-* 
luble in alcohol, ether« fixed and volatile oils. The aqueous so- . 
lution is very glutidous, and speftdily undergoes decomposition, 
giving out an ammoniacal^mell. ,* • 

It is soluble in concentr^|;ed sulphuric acid at the common tem¬ 
perature of the atmosphere, without undergoing any ohange of 
colour. When heated, the solution blackens and gives ou# an 
odour of caromel and sulphurous acid. In dilute sulphuric acid, 
it dissolves when assisted by heat. If we boil the solut;d!D, satu¬ 
rate the acid with chalk, filter and evaporate and digest the resi¬ 
due in alcohol, that liquid, on cooling, deposites a quantity* 
sugar. • • 

Concentrated nitric acid dissolves the gelatin of silk at the or¬ 
dinary temperature of the atmosphere. When heat is applied, 
nitrous gas escapes, and oxalic acid is formed. 

It dissolves in concentrated muriatic acid without change of 
colour. Both common and pyrophosphoric acids dissolve it. The 
solution in concentrated acetic acid, when dVaporated, leaves a 
thick liquid matter, from which water precipitates nothing, bt!t 
prussiatc of potash throws down a beautiful green precipitate, 
which is soluble in water. • 

It is soluble in potash, soda, and ammonia, but is precipitated 
again by acids. If we add tl^se alkalies to an acid solution, «a 
precipitate falls which is redissolved if we add an excess of the 
alkali. It is soluble by Ixiiling in carbonate of potash. * 
The aqueous solution being evaporated to the requisite con¬ 
sistence, becomes gelatinous and adhesive. The aqueous solu¬ 
tion is precipitated white by alcohol, infusion of nut-galls, nitrate 
of mercury, diacetate of lead, chloride of tin, chlorine and bro¬ 
mine. The chloride of gold throws down a yellow precipitate. 

It is not precipitated by oxalic acid, acetate of lead, corrosive 
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sublimate, nitrate of silver, nitrate of cobalt, cyanodide of mer¬ 
cury, chloride of iron, chloride of barium, sulpnate of potash, 
iodide of sodium, hydriodate of ammonium, acetate of copper, tar¬ 
tar emetic, borax, nor persulphate of iron. 

It was analyzed by Mulder, who obtained 
• Carbon, . ' 47*5735 ‘ ^ 

Hydrogen, . 6*0660 

Azote, I. 16.3210 

Oxygen, . 30*0395 

- ) 

100:0000 * 

To form an idea of its atomic weight, he precipitated it by di¬ 
acetate qf lead. The white precipitate, washed and dried at 248®, 
was composed ot 

4 Gelatin, . 56*61 or 18*26 

Oxide of lead, . 43*39 or 14 

* . 100*00 

If we consider the compound as a digelatc, the atom of gela- 

^iii 36.52, Hence he considers the constitution of the 
gelatin' from silk to be 

23 atoms carbon, = 17*25 or per cent 47*18 

17^atoms hydrogen, = 2*1875 ... 5*98 

3^ atoms azote, = 6*125 ... 16*75 

11 atoms oxygen, = 11*000 ... 30*09 

36*5625 100* 

If we compare these constituents with those of collln obtain¬ 
ed from skins and isinglass, as analyzed by Mulder himself, and 
which have been given in a preceding chapter, it will be obvious 
that the constitution is not the same. But it is possible that this 
difference may arise at least in part from our ignorance of the 
true atomic weight of colliu. The subject requires and deserves 
farther investigation. 

3. The substance to which Mulder gave the name of albumen 
is friable and specifically heavier than water. On a red-hot iron 
it is charred with the smell of horn. It hums with flame, leav¬ 
ing behind it a great quantity of white ash, consisting chiefly of 
carbonate of soda. When ^stilled per se it gives out much car- 

* Poggendorf s Annalen, x1. 288. 
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bonate of ammobla and an empyreumalic oil. A portion of it 
put into conceiltrated sulphuric acid remained twenty-four hours 
unaltered. When heated it became black, and sulphurous^cid 
was given out. It does not dissolve in dilute ^Iphuric acid even 
though assisted by heat Nor doesVitric acid attack it at the 
common temperature of the htmospherfe. But when the albumeir 
is moist, concentr^Hed nitric acid dissolves it and converts ft into 
oxalic acid. • 

Muriatic acid does not attack it at the common temperature of 
the atmosplierc^ but dissolves it when assisted by heat; or when * 
the albumen is moist« Both common and pyrophosphofjp acid < 
blacken and decompdse it Whefl dissolved ifl concentrated ace¬ 
tic acid the albumen gives solution having an oily appehmnce, 
which Mulder considers as g very remarkable property. Prus- 
siate of potash throws down a beautiful green precipitate not 
soluble in water. • 

It is soluble in potash, soda, and ammonia, and is again pre¬ 
cipitated by acids. It is iiftoluble in the atkaline carbonates. 
Mulder subjected it to analysis and obtained. 


Carbon, 

54*005 

Hydrogen, . 

7*270 

Azote, 

15.456 . 

Oxygen, 

23*269 ’ 


100*000* 


These numbers approach those obtained by Mulder from the 
albumen of eggs and of blood. * 

4. The certn was grey, specifically lighter than water, melted * 

when gently heated, and burnt with a very light flame. It was 
insoluble in water, but dissolved readily in alcohol,* ether, fixed 
and volatile oils. • , 

• Concentrated sulphuric acid Recomposes it at a high tempe- * 
rature. Nitric acid and muriatic acid do not attack it When 
boiled with caustic potash it is partly dissolved; but again se-* 
parates when the solution cools. When alcohol is added it does 
not dissolve the matter unless heat be applied. Ether do£s not * 
dissolve it It is soluble in caustic ammonia and in concentrat¬ 
ed acetic acid. • 

5. The colouring matter extracted from yellow silk was of a 

• Poggeiidoifs Annalen, xl. 270. 
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fine red colour. When pure it is insoluble iii water, but it dis¬ 
solves in alcohol, ether, fixed and volatile oils.*- When treated 
with chlorine or sulphurous acid, it becomes of a very light yel¬ 
low or almost colourless. 

From the observations of Reaumur, it would appear that va¬ 
rious colouring matters are found in silk. For he mentions white, 
yellow, brown, and green'-silk. 

6. The fatty matter and j-esm from j'ellow silk are obtained 
mixed with the colouring matter. Whou the mixture of the two 
is exposed to a gentle heat, the fatty matter iirsl. melts, and then 
the ^esin. If we agitate the mixture with a little alcohol, and 
then evaporate, the resin separates in strijyes, and leaves the fatty 
matief alone dissolved in the alcolv>l. 

The fatty matter and resin are soluble in alcohol, ether, fixed 
and volatile oils, but not in water. They arc specifically lighter 
than water, and their colour is grey. 


JL 


CHAPTER XXX. 

M- 

• OF spider’s webs. 

The spider, as is universally known, carries in the abdomen a 
peculiar liquid, which it is capable of protruding from a number 
(usually five) of mammillated eminences. This liijuid hardens as 
soon as it is emitted, and adheres so firmly to everything with 
which it comes in contact, that it cannot be separated without 
rupture. This is what constitutes the web of the spider. Every 
thread of the web consists of several very minute threads adher¬ 
ing together. Spiders are oviparous, and they enclose their eggs 
in a cocoon of much stronger .thread than that of which their 
webs are made. These cocoons may be winded like those of the 
ffllk-worm, and M. Bon of Montpelier first showed that spider’s 
silk is as strong and as beautiful as that of the silk-worm. In 
1710 he published the processes by which he collected this silk, 
wove it and dyed it of various colours; and he assures his read¬ 
ers'that it is in no respect inferior to the silk from the silk-worm.* 
In consequence of the account ^ven by M. Bon, Reaumur was 


• Pliil. Trans, xxvii. 2. 
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induced to try to*breed spiders for the SRke of their %ilk. But 
’ he found that they could not be kept together; because, being 
all cannibals, they devoured one another, till at last, howeverjau- 
merous'at first, only a single spider was left alive in the box. 

Spider's webs have long been a popular remedy fo^ slight 
wounds; the*country people being in the habit of applying theni^ 
to cuts, and apparently with success, to stop the bleeding. They 
have been also administered internally as a cure for fever, and 
were at one time a popular remedy, particularly in intormit- 
tcnts. t 

From the great rcseipblance which the threads of the‘spider 
bear to silk, we wouW naturally expect their •composition *to* be 
similar. But, from the experiments of M. Cadet,* the only, che¬ 
mist who lias hitherto examined spider’s webs, it does not appear 
that this supposed analogy holds godd. , 

When spider’s webs are triturated with quicklime, they gire 
out a smell of ammonia. When they are digested in cold water, 
that liquid ascumes a reddish-brown coloui^, and is slightly pre¬ 
cipitated by infusion of nut-galls. It is also precipitated by acids; 
but the precipihite is rcdissolved when the acid is saturated wi^ 
ammonia. • 

Spider’s webs, cleansed as much as possible from dirt and dust, 
were boiled in distilled water. The decoction smelled of mush¬ 
rooms, and lathered when agitated. The undissolved matter was 
boiled in additional water, till it gave out nothing more. These 
decoctions being evaporated, let fall successive pelliclei^ and a 
solid extract was at last obtained, amounting 4o nearly the half 
of the spider’s webs employed. • 

The residue insoluble in water was digested in alcohol. The 
tincture obtained had an orange colour, and did not lather, water 
being added to it threw dowi^a precipitate in flocks, which as- 
, sumed a brown C/olour when dp^, and amounted to about ifiyth^ 
of the original weight of the webs. * On hot coals it swelled up, 
smoaked, and took fire; and possessed properties similar to thoB9 
of a resin. 

The dilute alcoholic solution being evaporated, afibrded a 
sidue slightly deliquescent, having a taste at first sweetish, but 
afterwards bitter, and amounted to about j;hree times the weight 
of the resin. 


* Nicholson’s Jour. xi. 290. 
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The in^luble residue after this treatment with water and al¬ 
cohol burned without swelling up, and gave wut white fumes, 
lu^ng the,smell of burning wood. It was neither discoloured 
by chlorine nor by sulphurous acid. It dissolved with efferves¬ 
cence in muriatic acid, which took up two-thirds of it, and left 
« a black paste. From this solution-ammonia threw down a small 
quantity of brown matter^' which, when calcined, did not lose its 
colour. It was chiefly oxide of iron. The liquid to wliich the 
ammonia had been added gave a gray precipitate with potash, 
which was chiefly carbonate of lima ' 

When caustic potash is poured upon the residue of spider’s webs 
previously treated with water and alcohol. It dissolves it partially, 
while 4 little ammonia is given out,. From this solution an acid 
throws down a black tasteless powder, which slightly swells when 
heated,, and when dried is Orittle, and has the aspect of a resin. 
It amounts to about one-twelfth of the exhausted spider’s webs 
made use of. It is partly soluble in volatile oils. 

The aqueous extract of spider’s webs when digested in alcohol 
gave out about one-seventh of its weight The alcohol, when 
.*»vaporated, left a brown matter, pretty deliquescent, and having 
a shaip taste. It swelled conadcrably on burning coals, Jind 
burnt rapidly as if it had contained nitre. It contained chloride 
of calcium, and a sulphate probably of ammonia. 

What remained of the aqueous extract after treatment with 
alcohol was lighter coloured than before, was in powder, and had 
a slightly pungent taste. On hot coals it did not swell, but left 
an abundant residue. Sulphuric acid poured on it occasioned 
no smell, nor did quicklime evolve ammonia. 

When spider’s webs were distilled per se they gave out water 
slightly coloured at first, but becoming darker as the process 
went on. Then a,.black thick oil came over with inflammable 
gas and carbonic acid. The smell of ammonia was perceptible, 
and the charcoal remaining amounted to about half the weight 
of the spider’s webs employed. This coal, when incinerated, left 
two-thirds of its weight, half of which was soluble in muriatic acid, 
and the residue was alica and charcoal, the muriatic acid solu¬ 
tion being evaporated left sulphate of lime. When spider’s n ebs 
were incinerated in an open vessel, the ashes consisted of sul¬ 
phate of lime, common salt, and carbonate of soda, a little oxide 
of iron, silica, and alumina. 
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Spider’s webs were almost wholly soHible in six times their 
weight of nitrib acid, carbonic acid and dcutoxide of azote 
being disengage<L The solution gave sulphate of lime, ancUthe 
Wter principle of Welter. 







PART IL 

OF THE LIQUID PARTS OF ANIMALS. 

• • • 

These consist of hloodwi^oi the various liquid secrcUoni, They 
arc numerous. But many of tliem cannot be procured in a state 
of purity. We sWl treat of them in succession in the following 
chapters. • 


CHAPTER I. 

. OF BLOOD. 

Blood is a well known fluid that circulates in the veins'and 
arteries of man, and the more perfect animals. The quantity in 
a moderate-sized man is about 26 lbs. avoirdupois. Its colour 
, is red, and it has a peculiar smell, which has been termed by 
physiologists/raymw^ and alliacious. When'examined in the 
living animal by a microscope, it has the appearance of a green-* 
ish yellow serous liquid, in which a great number of red colour¬ 
ed globules are floating. When drawn qjit of the'living body 
and left at rest, the globules fall to the bott(wn, in consequence 
• of their greater specific gravity^ an^ coagulate into a firm gela-* 
tinous red coagulum, called the crassamentum or cht of the blood • 
while the greenish yellow serum floats above it. ^ 

One of the first persons who attempted a chemical exami¬ 
nation of the blood was Mr Boyle in his Memoirs for tKe Na¬ 
tural History of Extravasated Human Bhod, published in 1684 
He showed that dried human blood is verylcombustible, burning 
with a clear yellow flame. He found the specific gravity of the 
blood of a healthy man to be 1*118. It was coagulated by al- 
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cohol, nitric acid^ sulptinric acid, and muriatic acid, and by a sa¬ 
turated solution of carbonate of potash, but rendered more liquid 
by^ammonia. He subjected it to distillation, and obtained what 
he called volatile edit of human bloody doubtless carbonate of am’- 
mania. He obtained also empyreumatic oils, and a caput mor^ 
*tuun^ or fixed residue, very difficult* to incinerate.* He observ¬ 
ed that the ashes left after *the combustion of fimnan blood had a 
brick,red-colour; though heroes not seem to have suspected the 
presence of iron in them. • 

Boyle attempted to determine the proportion •between the se- 
ruQi and crassamentum of blood. But 4iis method was so inac¬ 
curate that it is needless to state the result. He found the speci¬ 
fic ^avity of ^rum 1’193. The serum was coagulated hy acids 
and by carbonate of potas^; but not by ammonia. It was co- 
a^latdd also by corrosive sublimate. It seems needless to state 
the results obtained by the distillation of serum as, from the in¬ 
fant state of chemistijy, when these experiments were made, they 
could lead to no useful information. * 

In the y^ar 1719, Dr Jurin made some experiments to deter- 
ihine Jthe specific gravity of blood, which approached considera¬ 
bly nearer the truth than those previously made hy ]Mr Boyle.* 
He showdd by decisive experiments that the crassamentum was 
specifically heavier than the serum, though the*^contrary had been 
inferred from the experiments of Boyle. He found the specific 
gravity of human serum in seven experiments to vary from 
1*0286 to 1*0302 ; the mean of the seven being l*029d. The 
specific gravity of human blood in five trials he found to vary 
from 1*051 to 1*055; the mean of the five being 1*0533. Dr Ju¬ 
rin made some experiments to determine the specific gravity of 
the crassamentum, aqd concluded it to be about 1*126. But his 
method was not sxwceptible of accuracy. 

*■ Boerhaave’s System of Chemistry, first published in 1732, con-* 
•tains nothing more on the chemical properties of blood than had 
been long before stated by Boyle. 

, In a note to Dr Lewis’s translation of Neumann’s Chemistry, 
publi^ed in 1759, the fibrin of blood is first mentioned, and 
the method of obtaining it detailed; though it is not distinguish¬ 
ed by any name. * 

Leewenhoek observed the globules of the blood as early as the 
• Phil Trans. Vol. xxx. p. 1000 f Works of Casper Nctimami, p. 6.01. 
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year 1^74; showed that they are heavieif than serum, and rec¬ 
koned their diaifteter j n inch.* 

In thp year 1747, Menghini, published a niemoir,m whicbhe 
proved the existence of iron in the blood,t especially in the red 
globules. According to him, when preparations of iron are taken 
into the stomkeh, the metal s))eedily makes its way into the bjood,* 
when it may be delected by analysis. * • 

Nothing or almost nothing was* known respecting the ^line 
constituents of the blood till Rouelle published his researches on 
the subject in flie Journal de Medecine, for the year 1773 and 
1776. lie observed, that not only the serum of blood, biit ^so 
the water of dropsies, is coagulated by heat and acids like the 
white of an egg. He found that these liquids gave a gs^fi co¬ 
lour to syrup of vjolets, and.concluded that they contain a fixed 
alkali. This alkali in human blood is soda ; though he*showed 
by combining it with sulphuric acid and crystallizing that some 
pohisli was also present in it Rouelle founrl, likewise, some com¬ 
mon Srilt, animal earth,^ an*d iron in the ashes of blood. The so¬ 
da in blood, according to him, is to the saline contents of that 
liquid as 16 or 17 to 28 or 29. The animal earth con^itutes 
about a tenth of the whole ashes of blood. The iron, he says, has 
a yellow colour, and in general is attracted by the mdgnet In¬ 
deed it was by means of the magnet that Menghini separated it 
Rouelle examined likewise the blood of the ox, the horse, the 
calf, the sheep, the hog, the ass, and the goat, and found in it the 
same salts as in human blood, though with some difference in 
the proportions, not only in the different animals, but even in 
the same species. 

He made some experiments on the serum of blood, from which 
apparently originated the opinion long qptertainci that blood 
contained gelatin as one of its^sonstituents. «He evaporated se- 
• rum of blood to dryness over the vapour bath. It then assumedT 
the appearance of glue, with this difference, that it was less solu> 
ble in water, and that it had the property of coagulating at the 
boiling temperature of water. From these properties he con-% 
eluded that it possessed at once the nature of gelatin amf of al¬ 
bumen. 

• Phil. Trans, ix. 2d, and xxxii. 341. 

t Deferreorumparticulorumsedc in sanguine. Cuinmentar. Bonoiiiens. 1747 
ii. 475. ** * 

I Afterwards shown to be phosphate of lime. 
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Bucquet about the year 1776 * made some interesting ei^peri- 
ments on blood. He found that the crassamentum might, by 
menns of water, be divided into two distinct substances; namely, 
the colouring matter, -which was soluble in water, and which, if 
we except its red colour, possesses nearly the characters of the 
•sermoa; and *sl white fibrous portion, which he distingiushed by 
the name of the Jibrom purt of bloodf This substance coagu¬ 
lates when blood is allowed to cool, and then becomes insoluble 
in water. When dried in a very moderate heat it becomes hard 
and brittle, assumes a dirty grey colour, and contracts as parch¬ 
ment iloes when exposed to the same heat 
Fourcroy and Tauquelin turned their attention to animal sub- 
stan^'tat an early period of their chemical career; and in 1790 
announced the discovery of bile and gelatin in ox blood. They 
affirm that, if the serum of blood mixed with the third of its 
w^ght of water be coagulated by heat, and the albumen separat¬ 
ed, . the residual liquid, when sufficiently concentrated, assumes 
the form of a jelly. | 

Fourcroy assures us that blood coagulates when cooled down 
to 77f, and that in the act of coagulation the thermometer rises 
11^*2^, making the coagulating point 88°25.§ The serum, ac¬ 
cording to him, coagulates at 155**75. These and many other 
observations on the blood, made about the same time (1790) by 
Fourcroy, are so inaccurate that it seems unnecessary to detail 
them. 

Nearly about the same time a chemical examination of the 
blood, with observations on some of its morbid alteration^ was 
published by Parmentier and Deyeux. || 

In 1797, a paper was published by Dr Wells on the colouring 
matter of the blood.! In this paper he explained the reason of 
the change of colour which blood experiences by the action of 
air, and showed, contrary tq the«opinion at that time universally 
^prevalent, that the colouring matter of blood is not iron, but an 
organized substance of an animal nature. 

** * Sec Dietiownaire de par Macquer, 2d edition, article Sang des Ani~ 

maux. 

f It is tbe substance now called This name, I presume, was con¬ 

trived by Fourcroy. * 

t Ann. dc Chim. vi. 181. § Ibid. vii. 146. 

II Jour, de I'hys. 1794, p. 372, 438. 

^ Phil. Trans. 1797, p. 416. 
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In 1801, the Spsteme des Connoissance* Chimiqv£8,\)y Four- 
troy, was published. In the ninth volume of that work there 
is a long account of the chemical properties of blood,* whiyh, 
though it contained no new investigations, yet must have been of 
advantage to chemists, by exhibiting in t>ne view all that ha!d pre> 
viously been done on the subject. * • 

In the year 1806? Berzelius published fhe first volume of* his 
Animal Chemistry. In it he gives an*account of the chemical con- 
stitu|;ion of the blood, so far as it was known, when he wrote, 
chiefly from Fouscroy; at least the statements are similar to those 
of that chemist, and Berzelius seems to have made no eitjseri* 
ments. But the second* volume of his Animal Chemistry appear¬ 
ed in 1808. To this volume^he prefixed an introduction of fifty- 
nine pages, in which he gives a minute account of a laborious 
set of experiments bn blood, which he* had made in the interval 
between the publication of the two volumes. In this introdutf^ 
tion, he gives a minute account of the chemical properties of at- 
humen, colouring matter ^ xm^Jihrin, and made the first analysis of 
blood. This analysis, considering the state of our chemical know¬ 
ledge of the subject before it appeared, is remarkably accurate, and 
does great credit to the industry and sagacity of the author bf it. 

In the year 1812, an ingenious set of experiments on the blood 
and some other animal fluids was published by IVfr Brande.f He 
showed that the red colour of the blood was not owing in phos¬ 
phate of iron, as Fourcroy and Vauquelin had asserted, but to a 
peculiiir animal matter, as bad been previously maintained by 
*Dr Wells. Mr. Brande proved also that whafhad previously 
been taken for gelatin in the serosity of the blood was in reality 
albumen held in solution by an excess of soda. The absence of 
gelatin liad been previously discovered by Berzelius; but the Ani¬ 
mal Chemistry of that chemist having been j^ublished in the Swe- 
(^sh language, was unknown to Mr Brande till after the publica¬ 
tion of his memoir. 

Rather before Mr Brande’s paper an elaborate and remarka¬ 
bly exact analysis of the serum of the blood was published by 
Dr Marcet^ He turned his chief attention to the saline ingre¬ 
dients of blood, and his results agreed remarkably well with those 
of Berzelius upon the same subject. • 

* It occupies sixty pages of the English translation. 

f Phil. Trans. 1812, p- 90. 

f Medico-Chirurgical Transactions, ii. 370. 
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In the year 1831, M. Lecanu published a most elaborate me¬ 
moir on the blood. * His chemical analy^ ef that fluid was 
mpre minu^ than that of Berzelius, and he detected several con¬ 
stituents which h{id escaped the sagacity of that chemist. He 
then made a comparative analysis of the blood of individuals of 
• different ages, sexes, and temperaments; and he terminated his 
researches by an analysis nf the blood of an individual labouring 
under jaundice, in order to determine whether the matter of bile 
was present in it or not In 1837, M. Lecanu, when he recejived 
the degree of M. D. published a thesis, entitled Mtudes Chimiques 
sur le Sang Humain. In tills thesis he gives a detailed account of 
all that has been done respecting the chemical analyds of the 
bloedxjitherbyliimselfjor the many chemical writers who preceded 
him. To this thesis I refer such readers as are interested in 
such historical details; and therefore termimZte this historical in¬ 
troduction here without mentioning the names of many other in¬ 
dividuals to whom we owe important facts respecting the blood. 
Matiy^^ of these will be noticed in the course of the statements 
which will occupy this chapter. 

After this historical sketch of the progress of the chemical in¬ 
vestigation of the blood, I proceed to lay the principal facts which 
have been ascertained before the reader. 

1. Blood is a liquid which circulates through living animals, 
and which is destined to nourish the different parts of the animal 
body, and to supply the part of the waste which is constantly 
going on in it. In mammalia, birds, reptiles, fishes, and anne- 
lides, it has a rkd colour; while in the Crustacea, arachnides, in¬ 
sects, and zoophytes, it is white or colourless. Hitherto chemists 
have confined their examination to human blood and to the blood 
of certain mammalia, especially of the ox and sheep; the white 
or colourless bloqd still remain^ unexamined. 

When blood is drawn from % vein its colour is dark, when from 
an artery it is scarlet And venous blood, upon exposure to the 
air, speedily assumes a scarlet colour. Fresh-drawn blood has 
a peculiar odour, which has been compared to that of garlic, 
though scarcely, I think, with propriety. It has an unctuous 
feel and a certain viscidity, which gradu^ly increases as the tem¬ 
perature sinks. « 

Its mean specific gravity is 1*0507. This will appear from 
the following little table: 

t. * Jour, lie Pharmacie, xvii. 485 and 545. 

3 
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Sp. gr. • 

1*050 By my trial. 
1*0530 Richardson. 


1*0527 Haller, Phys. ii, 41. 

1 *0570 Berzelius, Chimie, vii. 31. 


1*0510 Arterial blood 
1*0490 Venous blood. 


• > f)r J. Davy, Journal of Science, 

• » 


No. 4.* 


1*0552 From temporal artery. 
1*0532 Venous blood. 

1*0490 From jugular vein. 



Scudamore, Essay on Blood, 

p. 36. 


1*0560 Bullock’s blogd. Fourcroy, Ann. deCliim. vii,* 147. 
1*0310 Calfs blood. Andrews,* Records of Science, i. 33.* 




1*0530 Venous blood. Do. Ibid. 


1 *0507 Mean.* * • 

2. When blood is drawn from a living and healthy animal,*it 
is in a liquid state or nearly so. But it gradually coagulates, 
and this coagulation takes place though the temperature.df the 
liquid be kept up, and whether it be exposed to or screened from 
the action of the atmosphere. The blood of different animals, 
and even of the same animal, at different times, shows a codside* 
rable variation in the time that elapses after the blood is drawn 
before it coagulates. Tliis will appear from the following table, 
for which we are indebted to Mr Thackrah: 

Blood of the Horse coagulates in from 2 to 15 minutes. 

Ox, . . 2 to 10 

Dog, . ^ t6 3 

Sheep, hog, rabbit, J to 1^ * 

Lamb, . . ^ to 1 

Fowls, . ^ to 1^ • 

Mice, . • . * iq a moment 

• Fish, ^ ^ in a moment* • 

3. When blood is viewed by a microscope while circulating 
through the web of a frog’s foot, or when newly drawn from a * 
living animal, it is found to consist of a yellow fluid, through which 
a number of red globules are floating. These red globules ap- * 
pear to have been first noticed by Leewenhock in the year 1674,t 
He observed that they were heavier than the liquid in which they 
floated. For soon after the blood is let out of the veins, the glo- 

* Hunter on the Blood, p. 211. f Phil. Trans, ix. 23. 
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bules graaually be^n to subside to the bottom. He considered 
them to be 25000 times smaller than a grain of sand.* Dr Jurin 
afterwards pointed out a method of measuring their diameter, 
and concluded it ^to amount in the globules of human blood to 
I 8^ incLf They have ance been measured by a variety 
*of micrometers. The following table, dravm up by Mr Le- 
cand, will show the rcsjdt.of these different measurements.* 

Size of globules in human blood. 


Sir Everard Home, 


Eller, 


Jurin, 


Rudulphi, 'I 

Sprengel, ! 

# 

1 

Nodgkin, j 

215 0 6 

Lister, J 

* 

Senac, 

Wno 

I^abor, . . 

TTTOO 

Kater, 


Prevost and Dumas, 

joVtt 

Haller, 'v 

Wollaston, > 


Weber, ) 

Young, 

t > 

TTTy?rv 


It has been observed that the size of the globules differs very 
much in different animals. In the frog they arc so large that 
they are capable of being retained on a filter. The liquid which 
passes through is yellow, while all the red colouring matter con¬ 
stituting the globules remains on the filter. 

Various opinions have been advanced respecting the shape of 
these globules. 1 pass by the opinion of Leewenhoek, which seems 
whimsical. Father de Torre, who made use of very small sphe- 
rides of glass to examine them^ considered them as very com* 
pressed flat spheroids, or ringshaving a perforation in the centre.§ 
" Mr Hewson, whose microscopical observations on the blood were 
first published in the Philosophical Transactions, || in order to 
' observe them easily, diluted the blood vdth fresh serum. In man, 

he says, the globules of the blood are as flat as a shilling, and 
» 

• Phil. Trans, ix. p. 121. t Ibid. 1723, Vol. xxxii. p. 341. 

t Etudes Chimiques sur le Sang Humain, p. 40. 

$ Phil. Tnns. 1765, p. 246. || Ibid. 773, p. 303. 
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appear to have a tlark spot in the middle.* In the frog the glo> 

* bules are six tiifles as large as in man. In the blood of that ani¬ 
mal it is easy, he says, to show that the globule is ngt perfor^d 
as Torre supposed; but that the dark spot is little solid body, 
which is contained in the middle of a Vesicle. Hence, he calls 
the globules fed vesicles, each, according to him, being a flat ve-* 
side, with a small solid sphere in its eenire. When a little wa¬ 
ter is added to the blood, the vesides swell and become round, 
and if the glass plate on which they are lying be placed oblique¬ 
ly, they may bef seen running down it, while the little central so¬ 
lid may be seen falling irom side to side like a pea in a bf^dder. 
Water gradually dissolves the red vesicles, Idhving the central 
solid undissolved. But if a Jittle salt be added to the wc^tei^ the 
veacles become flat, and do jfiot dissolve. 

Hewson conceived tliat the use of *the thymus and lymphatic 
glands was to form the central solids, and that the vesicles whlbh 
surround them are formed in the spleen. 

But this hypothesis respecting the formation of the red glo¬ 
bules has not been confirmed by later observers.^ Nor has 
Hewson’s account of the sliape and structure of these globules been 
admitted as exact. They seem to be flat ellipsoids, and the Motion 
of their being vesicles containing a central nucleus has not been 
adopted. * 

In the blood of the frog, where the globules arc six times as 
large as in human blood, the globules may be separated from 
the serum by the filter. In all red-blooded animals the globules 
may, by careful washing, be deprived of their bolour. The red 
colouring matter dissolves in the water, but the globules re-* 
main undissolvcd, and assume a whitish colour.* 

Lecanu has shown by experiments seemingly decisive, that the 
globules of blood consist at least of three ^stinct substances, 

• namely, hematosin, albumen, agd fibrin, and that the weight ofi' 
hematosin does not exceed ^^^th part of that of the globule. *f* 
The fibrin, in his opinion, constitutes the outer surface of the glo-* 
bules, and envelopes a compound of hematosin and albumen, 
which has been generally taken for the colouring matter ofiblood.* 

* Mr Gulliver has examined and described the gl(^ules in a great number of 
animals. His valuable results may be seen in the Philosophical Magazine, (8d 
series) xvi. 23, 105, 195. They are too long and too little connected with che¬ 
mistry to find a place here. 

t Etudes Chimiques sur ie Sony Ilumain, p. 48. 
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I. The number of coVistituents discovered in t)lood, not reckon¬ 
ing water, which constitutes a considerable portibn of it, amount 
at V^ast to 2$, The following table exhibits the names of these 
substances: 

1. Albumen. ^ 12. Common salt 

* 2. Ilematosin. ' 1^. Chloride of*potassium. 

3. Yellow colouring matter. 14. Sal-ammoniac. 

4. Fibrin. * 15. Sulphate of potash. 

5. Kxtractive matter. 16. Carbonate of soda.* ' 

6. Serolin. 17. Carbonate of lime. 

7. Cholesterin. 18. Carbonate of magnesia. 

8. Cerebrote. ‘ '19. Phosphate of soda. 

9. Iron. 20. Phosphate of lime. 

10. A volatile fatty acid salt 21. Phosphate of magnesia. 

II. Soap of margaric and 22. Lactate of soda. 

^ oleic acids. 

Let us take a view of these different substances in succession. 
1. lHhumen ,—It Ims been already observed, that when heal¬ 
thy blood is drawn from an animal and left at rest, it gradually 
separates into two portions; namely, a gelatinous looking sub- 
stanch, containing all the red globules, and called the crassamen^ 
turn or clotf and a liquid portion of a greenish yellow colour, 
which floats on the surface, called the serum. * 

It was first observed by Dr Harvey, that when the scrum is 
boated it coagulates and Incomes as firm as the white of an egg, 
though not so white.t The point of coagulation, as measured by 
my thermometer^ is 159.** It had been long known that the 

* white of an egg coagulates when heated to the same point. 
Rouelle and Bouquet about the year 1776, first compared serum 
of blood and white of egg together, and concluded that both con¬ 
tained a similar subjstance, which from the white of egg, which con- 

«tains it in the state of greatest purity, has gotthe name of albumen, • 
The albiunen of eggs was examined with some care by Neu- 

* mann, who ascertained its property of being coagulated by heat, 
alcohol, and acids, found that in a gentle heat it might be evapo- 

* rated to dryness, constituting a yellowish translucent substance 
resembling amber in appearance, and still capable of dissolving 

f 

* Dr Davy is of opinion that the soda in blood is in the state of scsquicur* 
boiiate. See Phil. T^ans. 1838, p. 291. 
t De Gencratione Aiiim. p. 161. 
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in cold water. When thus dried 100 parts of albunfhn were re¬ 
duced to 25 parts. 

Albumen combines both with acids and base& It is pre¬ 
cipitate in grey flocks by tannin. 

2. Fibrin .—When the crassamentum of blood is pflt into a 
linen cloth, and carefully washed till all the red colouring mattej 
is removed, the substance which rcipaiys has received the*name 
of Jibrin. When moist it is white, soft, and composed of long 
fibres or threads. Hence the reason of the name, whiclf seems 
to have been first imposed by Fourcroy and Vauquelin. • 

It was long the opiipon of physiologists, that the globules of ^ 
the blood consisted 6f a nucleus of fibrin inedosed in a vesicle of 
colouring matter. Hence was inferred the reason why it^exists 
in the crassamentum. But later observations have considerably 
modified this opinion. Piorry and* Seelies dc Monde^ert have 
remarked, that if we cautiously and rapidly remove the seaum 
which floats upon the crassamentum, we will frequently find it 
become opaline and muddy, and finally, if is covered wi^hca skin 
analogous if not identical with fibrin.* According to Muller, if 
we amputate the thigh of a frog, and mixing the bfood with an 
equal quantity of water, holding sugar in solution, thrbw the 
whole upon a moistened filter, the red globules, which arc very 
large in that animal, are retained upon the filter, while a colour¬ 
less and clear liquid passes through. In this liquid a coagulum 
of fibrin speedily appears. 

From these facts there seems no reason to doubt that the fi¬ 
brin exists in the serum as well as albumen ;«and that the glo¬ 
bules consist of a red colourmg matter, and a white insoluble 
substance, the nature of which has not been ascertained; though 
in all probability it is analogous to coagulated albumen or fibrin. 
Indeed, Lecanu has shown by numerous* experiments*, that the 
globules consist essentially of three distinct substance^ namcl;)^ 
hematosin, albumen, and fibrimf 

Fibrin may be procured likewise from the muscles of animalsf 
Mr Hatchett cut a quantity of lean beef into small pieces, and 
macerated it in water for fifteen days, changing the water ever^ 
day, and subjecting the beef to pressure at the same time, in or¬ 
der to squeeze out the water. The ^shaeds of muscle, which 
amounted to about 3 lbs., were now boiled for five hours every 

t Ibid. p. 50. 


* Lecanu, p. 43. 
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day for three weekg, in dix quarts of fresh water/which was regu* 
larly changed every day. The fibrous part was now pressed and 
dried by the heat of a water bath. In this state it possessed 
the characters of almost pure fibrin.* 

It is extremely difficult to free the fibrin of blood completely 
from the hematosin. The easiest way is to stir new drawn ox 
blood rapidly with a stick, r, The fibrin adheres to the stick. Let 
it be taken ofiT and well-washed in cold water till that liquid ceas¬ 
es to be coloured. Then steep it in cold water for twenty-four 
hours, washing it frequently and carefully during that time. 
Finally, let it be digested in alcohol, or stjH better in ether, to se¬ 
parate a fatty matter which it otill contains. 

3. Henmtosiru —This name was givpn by M. Chevreul to the co¬ 
louring matter of blood, which Dr Wells, as early as 1797, show¬ 
ed to be^an animal substance of a peculiar nature. Vauquelin 
and Brandc proposed processes for obtaining it in aii isolated 
state. But they did not succeed in freeing it from the albumen 
with u^ich it is always mixed in the crassamentum. The pro¬ 
cesses of Berzelius and Engelhart enabled chemists to obtain 
hematosin in a state of tolerable purity ; but, as it was coagulat¬ 
ed and consequently insoluble in water, it was not possible to de¬ 
termine its characters with die rcijuisite precision. 

4. Cholesterin .—This is the name by whicli the white crys¬ 
talline matter constituting the principal part of human biliary 
calculi has been distinguished. Its existence in the serum of 
blood was discovered in 1833, by M. Felix Boudetf llis dis¬ 
covery was confirmed by Lecanu in 1837.^ It was extracted in 
■lie following manner: 1000 grammes of human serum were 
dried over the vapour bath, the dry residue was pulverized, passed 
through a sieve, and treated three times with ether in Chevreurs 
digester. The etherial liquids wqre mixed together, and three- 
jQ^urths of them were distilled offi. The residue was evaporated 
to dryness over the vapour bath. A considerable quantity of 
matter remained, which had a fatty aspect, a disagreeable smell, 
and the consistence of honey. 

• When digested in alcohol a portion was dissolved, which had 
a yellonv colour and reacted as an acid. When left to spontane¬ 
ous evaporation it depoSted a pearly matter, which possessed the 
characters of cholesterin. 

* i*hil. Trand. 1800, p. 327. t Jour, de Pharm. xix. 294. 

\ Etudeb Cbirnlques wir le Sang Humain, p. 46. 
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5. Ohic and Margaric adds, —^Boud^ seems first to have no¬ 
ticed these acids in the serum of blood, and to have extracted 
them in the state of a soap.* They were afterwards obtained 
by Lecanu. When the yellow alcoholic liquid, described in the 
last paragraph, from which the cholesteiin has precipitated by 
spontaneous* evaporation, iS evaporated over the? vapour^batb; 
there remans a y^lowish transparent matter, evidently a mixture 
of an oily, yellow, and colourless Solid matter. 

•The yellow oily matter was liquid, very soluble in cold alco¬ 
hol, which it rendered acid; very soluble in alkaline solutions, * 
and not capable of being distilled over with water. It w^s oleic • 
add, ... 

The colourless solid substance had a pearly lustre, jVas very 
little soluble in cold alcohol; but very soluble in cold ether. 
It was very solul^e in boiling alcohof, which it rendered acid,*and 
was deposited when the liquid cooled in pearl-coloured pldlces. 

It melted between 131° and 136% and when calcined left no al¬ 
kaline residue. It was mdrgaric acid. • * 

6. SeroUn ,—This substance was detected in the serum of blood 
by M. Boudet in 1833.t He obtained it by setting a^de a hot 
alcoholic decoction of dried serum. As the alcohol cooled, a 
white matter, having a slightly pearly lustre, was deposited. It 
was the serolin, * 

7. Cerebrate ,—This substance was first discovered in the se¬ 

rum of blood by Chevreul. The discovery was confirmed by 
the subsequent researches of Boudet It was obtained by this 
last chemist in the following way: * 

Serum of blood, dried and deprived of every thing which boil¬ 
ing water is capable of extracting, was reduced to powder and 
treated witli boiling alcohol. The alcoholic solution on cooling 
deposited serolin. The filtened liquid was, distilled till three- 
fourths of the alcohol passed ov^r. ^The residue became muddyq 
but nothing was deposited. Being cautiously evaporated to dry¬ 
ness, a yellowish brown matter remained, of the consistence o? 
turpentine, which formed an emulsion with cold water. Its taste 
was acrid and analogous to the fatty matter of theJirain. 'When 
triturated with cold alcohol of 0*8428, till nothing more would 
dissolve the substance that remained possessed the characters of 
the fatty matter of the brain. 


• Journ. de Pharmacu*, xix. 264. 


t Ibid. xix. 299. 
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8. Urea ,—^It has bera long known that ur^ constitutes one 
of the characteristic constituents of urine. Noif urine is sepa¬ 
rated. from the blood by the kidneys, and it has been the general 
opinion^of phyriologists, that the constituents of urine are not 
merely separated from the* blood by the kidneys, but that they 
&re actually generated from the blbod by these organs. But 
the experiments of Pretiost and Dumas have demonstrated the 
contrary of thia It follows *from their experiments that urea 
exists in blood ready formed; but, as the kidneys are constantly 
separating it from that liquid, the quantity of it, when the animal 
is in state of health, is always so small that it cannot be de¬ 
tected in blood by Che most delicate tests which we have it in our 
power td apply. Prevost and Dumas separated both the kid¬ 
neys from dogs, cati^ and rabbits, and examined the blood of 
these animals four or five days after the excision. They always 
discovered in this blood a notable quantity of urea.* As urea 
exists in urine combined with lactic acid, there can be little 
doubt ^t this is the case also with the urea in the blood. 

9. The preceding eight substances are the only ones (the salts 
excepted) which have been hitherto shown to exist constantly in 
healthy blood. A variety of other bodies have been noticed by 
chemists, but they, are omitted here, because their existence or 
their characters have not been sufficiently constdted. Thus Four- 
croy and Vauquelin,*f* Proust,$ and Orfila,§ announced the ex¬ 
istence of Hie in blood. Deyeux and Parmentier stated the ex¬ 
istence of gelatin as a constant constituent of blood.|| Deyeux 
suggested the existence of a peculiar matter in the globules of 
blood, to which he applied the name of tomelUrii and to which he 
ascribed the homogeneous concretion of the entire blood in the 
preparation of puddings.ir Denis makes osmazome one of the 
constituents of bloo^.** All these and several other substances 
Adticed by Lecanu, as cruorinf eryi^trogen, have been omitted, be- . 
cause their existence in blood has not been demonstrated, nor 
have their properties been sufficiently determined. . 

10. Soda ,—The serum of blood renders cudbear paper purple, 
and therefore ^Bontains an alkali This alkali in human blood is 

* Ann. de CJiiffl. et de i^hys. xxiii. 90. f Ibid. vi. 181, vii. 154. 

Ann. de Chim. xuvi. 276. § Siemens de Chimie, ii. 313. 

II Jour, de Phys. xliv. 438. 

^ Syst. de Conn. Chim. ix. 210. English translation. 

** Recherch. Experim. sur Ic Sang Hum. p. 107. 
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soda. Whether *it be the same alkali that exists free in the se¬ 
rum of the blocM of the inferior animal^ or whether potash may 
not replace it at least in some, has not yet beeir determifted. 
Most chemists affirm that the soda in human blood is in the state 
of carbonate. But 1 have not been able to satisfy myself that 
this is the case. It is more*probable that at least a portion of i^ 
is united to lactic acid. It has beeft s&tisfactorily proved that 
albumen is capable of combining with alkaline bodies and that 
this combination increases its solubility. It is most reasonable 
to admit that the soda in human blood, not in combinatiqn with 
acids, is united to the albumen, and that to tUs combmatien.the 
solubility of the albumen in the serum is at least partly owing. 

11. It has been already stated that the first person who turn¬ 
ed his attention t^ the salts in blood^was Rouelle. He detected 
common salt, phosphate of lime, and some potash, as weiras so^ 

Dr Marcet made]a careful analysis of the serum of blood about 
the year 1812, and extracted from 1000 parts of that liquid. 
Chlorides of potassium and sodium, . 6*6(7 * 

Carbonate of soda, . . . 1 *65 

Sulphate of potash, . . . 0*35 • 

Phosphate of lime with trace of magnesia, 0*60 

9*20 

Mucous extractive matter, . . 4*0 

Albumen, .... 86*8 

Water, . . . . ^ 900*0 

1000*0* 

Berzelius had analyzed the serum of blood in 1808,t though 
his results were not known in this country till he came to Lon¬ 
don in 1812. He obtained iit)m 1000 part9of serum of human 
blood, • • 

Common salt, • . . 6 

Lactate of soda, . . .4 

Soda, phosphate of soda with some albumen, 4.1 . 

-14*1 

Albumen, . . . . 80 

Water, . . . * . 905*9 

1000. 

• Alcdico-Chirurgicdl TnuisiHctionii, ii, 370. f Djiirkenuen, ii. 55. 
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The mucoso-extractiTe matter of Marcet, and tlie lactate of 
soda of Berzelius are two different names given tb the same sub- 
staifce. * 

The i!rassamentum yielded when incinerated an ash, which, 
when 1000 parts were burnt, amounted to 15. Of this ash, 
water dissolved three parts, consistid^ partly of carbonate of so¬ 
da, and partly of phospaate of soda. The uhdissolved portion 
consisted of, 

, Peroxide of iron, . . 5 

Perphosphate of iron, . 1' 

' „ I Bonearth, . . 1 

Pure lime, . . .2 

’ Carbonic acid, . 1 

10 

The following table exhibits the salts which exist in human 
blood,, according to .the latest statements of l^ccanu; though 
he has nowhere, so far as I have observed, given a detail of the 
method by which they were detected. 

1. Common salt- 8. Phosphate of soda. 

2. Chloride of potassium. 9. Phosphate of lime. 

3. Sal-ammoniao 10. Phosphate of magnesia. 

4. Sulphate of potash. 11. Lactate of soda. 

5. Carbonate of soda. 12. Margarate and oleate of soda. 

6. Carbonate of lime. 13. A volatile fatty acid salt. 

7. Carbonate of ipagnesuu 

12. Having now stated the different substances which exist in 
blood, with the exception of the gaseous bodies which have been 
detected by various chemists, it may be proper, before proceed¬ 
ing farther, to notice these gases as shortly as possible. The 
gases found in blood are oxygen, azotic and carbonic acid. 

* It was long ago shown by Jloffmann and Steevens that, when 
cvenous blood is kept in the vacuum of an air-pump, carbonic 
acid gas is given out Buf^ as succeeding experimenters did not 
r^ucceed on their trials, it was long generally admitted that ve¬ 
nous blood contained no sensible quantity of carbonic acid gas, 
and henoe it was inferred that the carbonic acid gas in expired 
air was formed in the lungs. The experiments of Magnus have 
at last proved in the clearest manner tliat blood, both venous and 
arterijil, contains carbonic acid, oxygen, and azotic gases. * 


* A an. dc Chim. et de Pbye. Ixv. 169. 
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When a currenli of hydrogen ga^ azotic gas, or ei^n oxygen 
gas is passed through yenous blood, it gives out carbonic acid to 
the amount at least of one-fifth of the volume of the blood. T^hen 
venous* or arterial blood b kept in the vacuum of an air-pump, 
it gives out gaseous matter, which Was collected and aWyz^ 
by Magnus. • The following table shcnvs the results obtained■ 


• 

Volume. ^ 

V^L of 

Composition. 


125 

gases. 


Arterbl blood of a horse. 

9-8 

5*4 carbonic acid. 

• 

A 



1*9 oxygen gas. 

w 


• 

2*5 azotic ga& 

Venous blood of ditti^fSur ) 

2a5 

12-2 

• 8*8 carbonic dcid. 

days after the arterial, ) 

0 



2*3 oxygen.* 

• 

A 


1*1 azote. 

Same blood, 

195 

14-2 

10*0 carbofiic acid. 




2*5 oxygen. * 



• 

1*7 azote. 

Arterial blood of an old \ 
horse, f 

130 

16-3 

• • 

10*7 carbonic acid. 

• 




4*1 oxygei^ 




1*5 azote. 

Same blood. 

122 

10-2 

,7*0 carbonic acid. 

• 



2*2 oxygen. 

1*0 azote. 

Venous blood of same 1 

170 

18-9 

12*4 carbonic acid. 

horse three days after, / 




*2*5 oxygen. 

4*0 azote. * 

Arterial blood of a calf. 

123 

14-5 

9*4 carbonic acid. 




3*5 rtxygen. 


• 

1 

^ 1*6 azote. 

, Same blood, 

108 

• • 

12*6 

7 *0 carbonic ad^ 
3*0 oxygen. 

2*6 azote. * 

Venous blood of ditto, four \ 
days after, / 

153 

13*3 

10*2 carbomc add* 




1*8 oxygen. 



• 

1*3 azote. 

Same blood. 

140 

7-7 

6*1 carbonic acid. 
1*0 oxygen. 

0*6 azote. 
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Dr Davjr has found that fresh blood, when agitated with oxy¬ 
gen gas or common air, absorbs a little oxygeR gas, wlule the 
thermometer rises one or two degrees, without giving out any 
car^nic acid gas. He could not find that blood gave out car¬ 
bonic dcid gas when agita'iied with other gases; but it absorbed 
tUiore than its own volume of carbonic acid. * -* 

It is not easy to draw any inference from these contradictory 
experiments. 

IL Proportion op the constituents op Blood. 

Having described the different substances which enter into 
the 'constitution o£- blood, let us now ender.vour to state the va¬ 
rying proportions of each in different circumstances. 

1. When blood is left at rest it divides into two portions, the 
serum and crassamentum. The proportion between these two 
.differs greatly under different circumstances. 

(1.) There is aconaderable diversity in the specific gravity of 
serumt as will appear from the following table: 

Sp. gravity. 

1027 to*1029 Berzelius. 

1065 Marcet, Med.-Chir. Trans, iii. 363. 

10287 By my trials. 

10262 Richardson. 

Arterial. 1 Sciences Natur. Sang. p. 181. 

10257 Venous. J ® 

1*047 to 1050 Dr Davy, PhiL Trans. 1814, p. 591. 

1*020 of a calfj^ifter three bleedings. \ Andrews, Records of 
« 1*017 do. after four bleedings. J Science, L 53. 

If we leave out the determinations of Dr Andrews, because the 
blood was not in a normal state, the mean specific gravity of se¬ 
rum is 10296. And.if we leave out the determination of Dr 
Davy, which deviates too far from the rest, the mean specific gra¬ 
vity of serum will be 1*0265. 

• (2.) The mean specific gravity of the crassamentum, accord¬ 
ing to Dr Jurin, is l*245.t 

1 . (3.)^ The crassamentum cannot be freed completely from the 
serum. It consists essentially of the globules of the blood ; and 
these globules, accor^ng to the experiments of Lecanu, are com- 
pc^d of fibrin, hematoan, and albumen. 

(4.) The following table exhibits the proportions between the 

• Pl'il. Trans. 1884, p. 283. + Haller’s Physiology, ii. 41. 
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Tvater, salts, &C4 albumen of serum and^lobules in (be blood of 
individuals of 4^erent ages. The table was drawn up by Le- 
canu from his own expm’iments.* 


t 


Albumen 


Age of Ibe 

Water. 

Salts, &c. 

of Serum. 

GWbules. 

fndividual. • 

780*210 

14*000 

72*970 

1^*820 

45 

790*900 

8*870 

71^560 

128*670 

26* , • 

782*271 

10*^9 

66*090 

Ml *290 

36 

783*890 

9*770 

67*890 

• 148*450 

38 

805*263 

12*120 

65*123 

117*484 

48 

801*871 

11*100 

65*389 

121*640 

62 

785*881 

^0*200 

64*790 

139*129 

32 

778*625 

11*541 

• 62*949 

146*885 


788*323 

8*928* 

71*081 

• 131*688 

• 30 

795*870 

10*010 

78*120 

• 

115*850 

“ • * 

805*263 

14;000 

78*120 

148*450 

Maximum. 

778*625 

8*870 

67*890 

115*850 

Minimum.* 

26*638 

5*130 

10*230 

32*600 

Difference. • 

789*3204 

10*6888 

68.059 

132*4906 

Mean of 10 analyaes. 


(5.) The preceding table will give the Veader an id^acof the 
various proportions between the serum and crassamentum of blood 
in different individuals. Let us now see what is the* constitution 
of the serum according to the various analyses that ha^ been 
made. 


Dr Marcet found the constituents of serum as follows: 
Water, .... 000 

Albumen, .... 86*8 

_:__]_1:_ 


Chlorides of potassium and sodium, 6*60 1 
Mucous extractive matter, . 4*00 


Carbonate of soda. 

. 1*65 

13*2 

Sulphate of potash. 

. 0*35 

# 

Earthy phosphates. 

. 0*60 

• ... _ 

• 

Berzelius obtained, » 

• 

• 

1000 

• 

Water, 

• 

905 

Albumen, 

Alkaline chlorides. 

« • 

80 • 

Liactate of soda, &c. 
Carbonate of soda, 
Phosphate of soda, > 
Animal matter, } 

• 

14 • • 




999 

Etudes Chimiques sur le Sang Humain, p. 6ft. 
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Frerost knd Dumas obtained. 
Water, 

Albumen and salts, 


900 ( 

100 


• c 

1000 


^ Lassaigne o.btained, > 



*“ Water, j , . 

910 


Albumen and salts, 

« 

90 



1000 


Lecanu obtained. 

r 



Ist Atmlysis. 

2d Analysis. 

W^ter, 

906* 

901* 

Albumen, 

78* 

81*2 

ExtrSiCtive, • 

3*79* 

4*60 

Fatty bodies. 

2*20 

3*40 

Alkaline chlorides. 

6*00 

5*52 

Alkaline carbonate^ phosphate, andl 
sulphate, . . J 

2*00 

Carbonates of lime and magnesia. 
Phosphates of lime and magnesia. 

0*91 

0*87 

• 

998*90 

998*59 

M. Lecanu made other experiments. He dried a given weight 
of serum, digested it in alcohol and water, and ascertained by 
evaporation the weight of the substances extracted by these ve- 

hides. His resulfe were as follows; 



’ ( 

Maximum, 

920*546 

Water, . 909*330 < 

Minimum, • 

900 

Albumen, . . 78*013 -j 

t ^ ^ 

1 Maximum, 

88*520 

L Minimum, 

67*980 


12*656 


{ Maximum, 
Minimum, 


17*000 

10*160 


« Extractive salts 1 
Fatty matters, J 
• (6.) The crassamentum cannot perhaps be completely freec 
from serum; but, by washing the globules in a saturated solutior 
£f sulphate of soda, they may be made tolerably pure. In tha 
case we estimate the constitution of the globules according to th< 
determination of Lecanu as follows: 
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• Hematosin, . 1*735 

Albumen, . 96*012 
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The following table exhibits the constituents of human bjpod * 
as deteimined by jSlr Richardson in my laboratory. His colour¬ 
ing matter was obviously the globules of the blood, consisting of 
fibrin, hematosin, and albumen, in the proportions just stated : 
Specific gravity of the blood, 1*053. 

Water, . • . . . 785*890* 

Fibrin, *. . * . * 2*120 

Colouring matter, . * . . 134*780 

Albumen, . , . . 63*008 

Cholcsterin and serolin, . * . 1*357 

Oily fatty matter, . . 0*808 

Extract and lactic acid, . , 1*831^ 

Albuminate of soda, * . . 0*956’ 

Alkaline chlorides, . . . 4*341 

Alkaline carbonate, sulphate, and phosphate, 2*110 , 

Subses(piiphosphate of iron, . . 1*021* 

Subsosquiphosphate of lime, . , 0*056 

Phosphate of iflagnesia, . . 0*193 

Peroxide of iron, . . 0*203 

Carbonate of lime, \ 0*326 

Carbonate of magnesia, / 


100*000 


The following curious table, drawn up by M. Denis from his 
own experiments, and exhibiting the constitqtion of blbod at dif¬ 
ferent ages, deserves to be inserted.* • 


• 

Water. 

Fibrin. Albumen. 

Globules. Salts, &c. 

Total. 

At birth. 

86 

0*9 

8*1 

3*4 

1*6 

100 

From birth to 10, 

82*5 

1*5 

7*7 

6*8 

1*5 

100 

10 to 20, 

79 

1*4 

6 

12*1 

1*5 

100 

20 to 30, 

76 

1*0 

5*7 

15*7 

1*6 

100 

30 to 40, 

76 

1*2 

6 

15*2 

1*6 

100 

40 to 50, 

76 

1*2 

6*7 

14»6 

1*5 

100 

50 to 60, 

78 

1*2 

7 

12*5 

1*3 

100 

60 to 70, 

79*5 

0*9 

7 

11*3 

1*5 

100 


* Jour, de Physiol. ix> 218. 
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Many experimenflSi liave been made to determine whether 
any difference exists between the blood of males and females. 
From the trials of Lecannit follows that the proportion of albu¬ 
men in both is senably the same. 

In roan. In woroan. 

•.Maximum) . '78*270 74*740 

Minimum . 57*890 '* 59*159 • 

Mean, *. 68*080 66*9495 

The proportion of globules is greater in the blood of men than 
in that of women. 


In man. In woman. 

Maximum, . 148*450' 129*999 

Minimum, . 115*850 68*349 

Mean, . 132*150 99*1695 

The proportion of water is greater in the blood of women than 
**of men. 

t 

In man. In woman. 

-•, Maximum, . 805.263 853*135 

Minimum, . 778.625 790*394 

Mean, . 791*944 821*7645 

'iVith respect to temperament, the blood contains more water 
in persons of a lymphatic than of a sanguine temperament *, the 
proportion of albumen is nearly the same In both, but the glo¬ 
bules are more numerous in the blood of sanguine than of lym¬ 
phatic individuals. 

When blood is repeatedly drawn from the same individual 
the proportion of water increases, while that of the globules di¬ 
minishes after each bleeding. This was ascertained by M. Le- 
canu* and by Dr Andrews.! 

In thoi case of uterine hemorrhagy the proportion of water is 
greatly augmented, while that of the globules^ and even of 
the albumen is much diminished.^ When the nourishment is 
diminished, the water in the blood increases, while the globules 
diminish. The albumen is not much altered in quantity. 

Many experiments have been made to ascertain whether any 
difference exists between venous and arterial blood. The follow¬ 
ing table exhibits the spedfic gravity of each as determined by 
different‘experimenters: 


• Jour, de Pharroacie, xvii. 557. t Records of General Science, i. 31. 
f Lecanu, Jour, de Pharmacie. Ibid. 
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Arterial. 

1-049 

1-053 

VeiK^s. 

1-051 

lV)58 

• • 

John Davy on calves, oxen, sheep, dogs. 
Scudamore. Human blood. 

1-0433 

1-0487 

) 

1 

1-0398 

1-0429 

>Letellier. 

Human blbod. 

1-0455 

,1-0531. 

1 . 

• 

• 

1-0461 

1-0507 

Mean. 

• t 


Arterial blood coagulates and putrefies more rapidly thafi ve> 
nous blood. , 

The crassamentum from arterial blood is more bulky and 
firm than that from venous blood..* The amount of the diflRSr- 


ence will be seen in the following table: 

Cniasuincntum. Serum. 




In the cat, .• 

1163* . 

• 8837 in venous blood. 


1184 

8816 in arterial. 

In a sheep, . 

861 

9131 in venous. 


935. 

9065‘in arterial. ^; 

In a dog, . 

970 

9300 in venous. 


995 

9005 in arterial. 


From the experiments of Prevost and Dumas, it appears \hat 
the proportion of fixed matters to water is greater in arterial 
than in venous blood. This will be seen by tfle following ta¬ 
ble : 


Arterial blood. Venous blood. 



Fixed matters. 

Water. 

Fixed bodies. 

Water. 

4n the sheep, 

17-07 

82-93 

k6-36 

83-04 

In the cat, 

17-65 

82-35 

17-41 

82-59 

In the cat. 

19-62 

79-38 

19-08 

80-92 

Mean, 

18-11 

81-89 

• 17-62 

82-38 


^be analyses of Lecanu agree with those of j^revost and Du¬ 
mas ; but Denis made four analyses of the arterial and venous 
blood of a man, of a woman, and of a dog, and found the pro¬ 
portions of water and fixed matters the very same, both in venous 
and arterial blood. • 

The albumen, salts, and fatty matters, as far as can be infer¬ 
red from a considerable number of comparative experiments, ex¬ 
ist in the very same proportions in arterial and venous blood. 

Many other comparative experiments on arterial and venous 
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blood have been made. But the results obtained are so incon¬ 
sistent with each other that no satisfactory conclusions can be 
deduced from them. The following may be considered as the 
differences between arterial and venous blood, which seem to be 
pretty satisfactorily determined. 

1. The colour of arterial blood is scarlet, that of venous brown- 
isli red and much darker. 

2. Arterial blood coagulates more rapidly than venous blood. 

3. The crassamentum from arterial blood- is more bulky and 
firmer than that from venous blood. 

4. Arterial blood contains less water than venous blood. 

5. Arterial blood contains more globules and more fibrin 
than venous blood. 

6. The albumen, fatty matters, and salts, are the same in both. 

7. ^Probably arterial Mood contains most'oxygen gas, and ve¬ 
nous blood most carbonic acid gas. 

- 8. According to the analysis of MM. Macaireand Marcet 
Junior, arterial blood contains mo/e oxygen than venous blood, 
labile venous blood contains more carbon than arterial blood. 
The result of their analyses was as follows :* 



Arterial. 

Venous. 

Carbon, 

50-2 

55*7 

Hydrogen, 

6*6 

6-4 

Azote, 

16*2 

16-2 

Oxygen, 

36-3 

21*7 


99*3 

100-0 


9. The specific gravity of arterial blood is rather higher than 
that of venous blood. 

Would? it be safe to infer from these facts, that the part of the 
blood chiefly emnloyed in nourishing the living body is the glo¬ 
bules, and that the diminution of these globules during the cir¬ 
culation is made up again while the blood is passing tlirough 
the lungs ? The chyle contains globules; but they are white, and 
it appears from the analyses of Macaire and Marcet that the 
quantify of azote is much greater in blood than in chyle. 

Dr Denis made a comparative analysis of the blood drawn 
from a vein and frdm the capillary vessels by means of cupping- 
glasses. But no appreciable difference could be discovered. 




Mem de la Societ6 Phys. et d’Hif>t. Nat de Genev. v. 223. 
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Provost and Dumas analyzed the blood the vena^rtse, and 
'obtained the folU>wing results.* 

Water, . 801*4 

Albumen and salts, 84*4^ 

Globules, . • 114*2 


1J)00*0 


The globule^ as might be expected, are less and the water 
more than in venous blood ; doubtless because a considerable 
portion of the globules in the arterial blood has been employed 
in nourishing the abdonynal viscera from which the venayorta 
j)roceeds. • • • 

According to Denis, the Jblood of the placenta cont£|Jn8>less 
water and more globules than the venous blood of the same wo¬ 
man. The albuidcn, fatty matters, %nd salts are sensibly the 
same. This blood has the smell of the liquor of the amnios, add 
a decidedly brownish red colour. The blood of the fcetus is 
quite similar to that of the placenta. . It contains less water and 
more globules than that of the same child some time ^er bifth. 
The placenta supplies the place of breathing to the child. We 
see that, like the lungs, it furnishes the blood with an addi^onal 
quantity of globules. 


VENOUS BLOOD DUBraO VARIOUS DISEASES. 

The coloiu* of venous blood varies in different diseases. In 
inflammatory fever it is more scarlet, or approaches somewhat to 
that of arterial blood. In Asiatic cholera, scurfy, and typhus, it 
has a deep-red colour approaching to black. ‘ 

The specific gravity increases in inflammatory diseases and in 
certain phlegmasiaj, also in the common cholera, anti in certain 
dropsies. It diminishes in scusvy, putrid disease, different ca¬ 
chexias, such as diabetes, scrofr^ja, chlorosis, cepious haemorrha-* 
gics, typhus and malignant exanthemata. 

The smell changes completely in scurvy, confluent small-pox,' 
and putrid fevers. 

When healthy blood is drawn from a vein it always, •after 
a certain interval of time, separates into serum and crassamen. 
turn. In disease it sometimes coagulates ihore rapidly tlian in 

• Ann. de Chim. et dt* Phys. xxiii. 57. 
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health; sometimes more slowly, and sometime so imperfectly 
that the clot bears a stronger resemblance to sanies than to the 
cra^^samentupi of healthy blood. It coagulates more rapidly in 
inflammatory disea.ses, and in cases of plethora; more slowly in 
putrid fevers, scurvy, and other cachexiae. 

• T^e crassamentum is bulky and Consistent in plethoric and in¬ 
flammatory diseases; but small, soft, and diffluent in scurvy and 
typhu§. In very malignant diseases, as the yellow fever, it lets 
fall a black pulverulent sediment 

After great haemorrhagies, in asthenic diseases,and in aflections 
of th^ heart, the serum is very abundant-compared with the cras- 
samehtum. Its colour is deep-yellow in jaundice, Icmon-ycllow' 
in inflammatory diseases, muddy, r.nd whitish in puerperal fe¬ 
ver. 

Sometimes a kind of crust covers the crassamentum, usually 
distinguished from its colour by the name of the huffy coat. 
This is the case in inflammatory diseases, in intermittent fevers, 
and in the yellow fever. This crust seems to be fibrin, and its 
poiftion is probably owing to the globules being deposited more 
rapid3.y than in healthy blood. 

MM. Andral and Gaverrey have examined the blood in 360 
cases of patients in the Hospital de Charite in Paris.* They 
have drawn from this (jxaraination the following general results: 

1. In acute inflammation, as rheumatism, pneumonia, bronchi¬ 
tis, pleurisy, peritonitis, amygdalites, erysipelas, and pulmonary 
tubercles, the fibrin of the blood increases. 

2. In pyrexia, both typhoid and non-typhoid, crujitive fe¬ 
vers, as small-pox, measles, scarlatina, and in intermittent fevers, 
the globules increase while the fibrin remains normal or dimi¬ 
nishes. 

3. In chlorosis Ahe globules diminish. 

^ 4. In the malady of Bright the albumen diminishes. 

Let us now endeavour to point out the alterations which the 
blood undergoes in certain diseases. On this subject a great 
^ many important facts have been collected by M, Lccanu.t It 
will be sufficient here if we lay before the reader an abstract of 
his researches. 

1. Blood of infants atku:hed with induration of the cellular iis- 

* Adti. de Cbim. et de Phya. Ixxv. 225. 

t Etudeb ChimiqueB sur le Sang Hum. p. 94. 
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sue .—Blood obtrfned by incisioiis into tllfe skin of children who 
died of this disease contained, according to Chevreul, water, 
globules, and a fibrinous matter, possessed of little tenacity. 
The serum separated from the crassamentum ^as almost colour¬ 
less. In a few minutes it assumed flie form of a jelly* owing 
probably to ^me change in *the state of the albumen. < 

2. Menstrual ^hod .—This blood is a mixture of arterial iSlood 
and mucous matter, varying in proimrtion according to circum¬ 
stances. That of a woman, 27 years of age, analyzed by Dr 
Dennis, contaiiflsd, 


Watez, 

825*0 

» 

Globules, ? 

64-4 

^ t 

Albumen,, 

48-3 

• 

• 

Extractive, matter, 

. M 


Vatty matters, *, 

3-9 

• 

Salts, 

12*0 

• 

Mucus, 

• 

45*3 

• 

• 


1000-0 

• 


It has usually a dark-red colour, a peculiar smell, and, instead 
of crassamentum, contains small clots of little consistency. 

Dr Rainy, Professor of Forensic Medicine jn the University 
of (xliisgow, analyzed a quantity of 'menstrual blood, obtained by 
puncturing an imperforated hymen. It was above six weeks old, 
but not much putrid. It was quite fluid, and could easily be 
poured and even dropt from a phial. It was browner in the co¬ 
lour than ordinary blood, somewhat ftPtid, an^ disengaged am¬ 
monia on the addition of potash. When examined under the 
microscope, the globules were seen apparently as numerous as 
in ordinary blood; but their shape was somewhat irregular, as 
is usually the case with putrid *blood. It was composed of 
Water, •. . 88-55 

Solid residue, . 11 *45 


100-00 

Mr Macconechy found the serum of this blood composeH of 
Water, . 91-28 

Solid residue, . ^*72 


100-00 
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From tliis analyds Pr Rainy concludes that^he blood consist¬ 
ed of f 

Serum, . 97*22 

Globules, . 2*78 


f 


ft 


100 - 


Dr Rainy could detect i^o fibrin in this menstrual blood. 
Mr Macconechy analyzed., the serum of this blood, and 
tained. 


Water, . . 91*28 

Albumen, . . . 7*70 

Common salt, . . 0*60 

Soda, . . , . 0*02 

Animal matter, l 
Earthy phosphates, J 


ob- 


100*00 


3. ^lood of a patient labouring under Ileematuria. —The re¬ 
markable circumstance in the blood in this disease is the total 
absence of colouring matter, as may be seen by the action of acids 
on h^lthy blood, and the blood in a case of hmmaturia. 


Coagulum by 

Sulphuric acid 
Nitric acid 
Muriatic acid 


In Healthy Bluud. 

Blackish red 
Blackish red 
Red 


In Hsmaturia Blood. 
Blackish brown 
White 
White* 


4. Blood in Scurvy .—According to Fourcroy, blood drawn 
from the gums of a person labouring under scurvy contains no 
fibrin, does not coagulate, and becomes black on cooling. Ac¬ 
cording to Deyeux and Parmentier, the blood of persons ill of 
scurvy has a peculiar smell. The crassamentum from the blood 
of three different scurvy patientsiwas as firm, and contained as 
much fibrin, as that of healthy Hood. But the serum was diffi¬ 
cultly coagulable by heat One of the three crassamenta was 

' covered with the bufl[y coat These facts are of little value, hav¬ 
ing been determined at a time (1793) when the chemical inves- 
tigatibn of animal substances had made too little progress to ex¬ 
pect accurate experimenting. 

5. Blood in Diabetes. —The opinion advanced by Dr Rollo, 
that the blood in diabetes contains sugar, has not been verified by 
future experimenters. Since neither Nicolas and Gueudville; 


Delative, as quoted by Lecanu. 
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Vauquelin and Skgelai^ Wollaston and fdarcet^ wh(f examined 
diabetes blood ifi succesdon, were able to detect any. I think it 
probable that it exists, but in so small quantity as not to be re¬ 
cognizable ; being constantly removed as fast as formed by the 
action of the kidneys. Just as urea cannot be discovered in 
healthy blood, though the experiments of Prevost an^i Dumas sho% 
clearly that it mi&t exist in that liqqid. • Henry and SouBbiran 
analyzed the blood of a diabetes patient in 1826, and obtained,* 
Globules, . 122*80 

• Albumen, . 55*48 

Saltst . 5*57 • , 

water, .• 816*15 * * 


1000*00 

The proportion 8f globules rather "iess than in healthy blood. 
This confirms the previous statement of Nicolas and^Gueudvffle, 
that the globules diminish as the disease advances. 

Dr G. O. Rees has also*analyzed the scrum of blood Alrawn 
from a diabetes patient, and obtained 

Water, . * . , . 908*50 

Albumen, (containing oxide of iron and phospliate of lime,) §0*35 
Fatty matters, . . . ^ . 0*95 

Diabetes sugar, * . . , 1*80 

Animal extract soluble in alcohol and urea, . 2*20 

Albuminate of soda, . . . 0*80 

Alkaline chloride with trace of phosphate, \ 

Alkaline carbonate, trace of sulphate, / * 

Loss, .... 1«00 • 


4*40 


• 1000*001 

Dr Rees is the only chemist who has succ^ded in finding su¬ 
gar in the scrum of diabetes blQod, qnd his method of proceeding 
is not satisfactory. 

6. Blood in Jaundice ,—Many experiments have been made to* 
determine whether bile exists in the blood of patients labouring 
under jaundice. But the question seems still undecided! The 
reason probably is that we are not in possession of any very de¬ 
licate test of choleic acid. To decide fhe point, the best way 
would be to mix a quantity of fresh bile with new-drawn blood, 
and to make a comj)arative set of experiments on this mixture 


* Jour, de Pharmacie, xii. 320 . 


t Phil, Mag. (3d Series), xiii. 395 . 
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and pure l^lood. Prol&bly some differences wotdd present them- 
selves, which might lead to important conclusiors respecting ic- 
terip blood. , MM. Orfila and Clarion are of opinion that bile 
exists in icteric patients; Thenard and Lassaigne that such blood 
contains no traces of bile; while Chevreul, Boudet, Collard de 
Martigny, and Lecanu believe that icteric blood contains the co¬ 
louring matter of bile, but 'lone of its other constituents. 

Chevreul found in the blood of icteric children three colour¬ 
ing matters, one orange-red, another green, and a third blue; 
which he considers as identical with the colouring matters in hu¬ 
man bile. Collard de Martigny found in the blood of an icteric 
woman, besides thtl usual constituents, 

1. A yellow matter, characterized by its solidity, its colour, its 
insipidity, want of odour, and insolubility in water and alcohol. 
It is almost insoluble in miibiatic acid, which gradually gives it 
a green colour. It is very soluble in potash, from which it is 
precipitated by the acids. It is very little soluble in nitric acid, 
but assumes from it a green colour. ’ 

2. A green matter, which is soft and elastic, of a deep-green 
colour, without smell, acrid, soluble in potash, to which it com¬ 
municates a brown colour. 

It appears fron\ the analysis of Lecanu, that the blood of per¬ 
sons afflicted with jaundice contains fewer globules than healthy 
blood. He obtained in two different trials, 


Water, 

828*66 

8.30 

Albumen, 

76*82 

65 

Salts, &c. 

14*90 

8 

Globules, 

79*62 

97 


1000*00 

1000 


The mean quantity of globules in lOOO of healthy blood is 132*49, 
Stad the minimum quantity 115*8^. 

7. Shod in Asiatic Cholera ,—The blood in this disease lias a 
much greater consistency than healthy blood. It contains a much 
greater quantity of fixed matter, and much less water than healthy 
blood. This will appear from the four following experiments of 
Lecanu: 



1st 

2d. 

3d. 

4th. 

Fixed matters, 

340 

251 

520 

330 

Water, 

660 

749 

480 

670 


1000 

1000 

1000 

1000 
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The quantity of alkalis is greatly dimiriished, and it is remark¬ 
able that the excrement and matter vomited by cholera pa¬ 
tients contain alkali. The fibrin is diminished, but, the globjiles 
are very much increased in quantity. • 

Wittstock and Herrman could detect no urea in cholera 
blood, but Marchand and Dr Nagel detected it iir the bloqd o^ 
a cholera patient who had passed no airifie for three days.* 

8. Blood in Yellow Fever .—According to Steevens thq blood 

in yellow fever is vei*y thick, has a very dark colour, and con¬ 
tains less than the usual quantity of salts. This exactly corre¬ 
sponds with the state of the blood in Asiatic cholera. * ^ • 

9. Blood in Typhus Fever .—The small bulk of the crassamen- 

tum, and its want of consistf^ncy in the blood of typhus 4)atients, 
has been long remarked. This would indicate a diminution in 
the quantity of gTobulcs—an opiniofi confirmed by the two fol¬ 
lowing analyses of M. Decanu: * 


Water, 

805-2 

795-88 

Globules, ." 

115-0 

105-00 • 

Albumen, &o. 

79-8 

99-12 


1000-0 

1000-00 


10. I^Ir Gulliver has detected pus in thci blood in almost 
every instcince in Vhich there was either extensive suppuration or 
great inflammatory swelling without a visible deposition of pus 
in any of the textures of the body. He considers the presence 
of pus in the blood to be the proximate cause of sympathetic in¬ 
flammatory, sympathetic typhoid, and hectic fevers.t 

11. Blood in diseases of the Heart. —M. Lecanu made several 
analyses of the blood of patients affected with diseases of the 
heart The following table shows the results of these analyses; 


1st male patient. 

• 

Water. 

821-<52 

Albumen, « 
salts, &c. 

•77-59 

Globules. 

101-39 

Total. • 
1000-00 

2d male patient. 

880-48 

77-62 

41-90 

1000 -0(^ 

3d male patient. 

807-27 

96-35 * 

96-38 

1000-00 

1 st female patient, . 

873-45 

86-10 

40*45 

1 *000-00 

2d female patient, . 

868-62 

79-89 

51*49 

1000-00 

3d female patient, . 

866-61 

80-69* 

43-70 

1000-00 

4th female patient. 

877-51 

77-00 

45-49 

1000-00 

5th female patient. 

845-14 

85-80 

69-06 

1000-00 


“ Poggendorf’t. Annalen, xliv. 828. t Pbil. Mag. (8d Series), xiii. 193, 
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We see & great dimihution in the globules aqd a proportional 
increase in the water, albumen, and salts. ^ 

12. Bhod in Chlorosis ,—^In this disease there appears to be a 
great diminution in the globules of the blood, as appears from 
the folldwing analysis of the blood of a chlorotic patient by M. 
Lecanu : , • 

Water,. . 862*40 

Globules,! 55.15 

Albumen, &c. 82*45 

1000:00 

A second analysis of the blood of the same patient made some 
months Uter gave, 

Water, . 861*97 

'• Globules,. 51*29 

•• Albumen, &c. 86*74 

i. 1000*00 

Fcedisch made two comparative analyses of healthy blood and 


chlorotic blood. 

The result is as follows 

• 

• 





Cruor. 

Serum. 

Fibrin. 

Water. 

Iron. 

Healthy blood. 

• 

124*00 

86*01 

25*11 

756-87 

8-01 

Healthy blood. 

# 

• 

144*00 

89*20 

25*01 

732*73 

9*01 

Chlorotic blood. 

• 

91*41 

93*61 

6*40 

826*28 

3*30 

Chlorotic blood. 

• 

85*90 

92*21 

6*31 

830*75 

5*01 


It was in consequence of the supposed diminution of iron which 
was believed to be the colouring matter of blood that physicians 
prescribed iron as a remedy in chlorosis. 

13. Milky Blood .—^In certain pathological states of the body 
not yet well determined, the blood has such a resemblance to milk 
that it has been compared to milk mixed with a little blood. 
This was for a long time ascribed to the mixture of milk with the 
olood. But analysis has shown that this blood does not contain 
the constituents of milk; bat that its milky appearance is owing 
ti) the existence of fatty matters held in suspension in it. The 
following analysis of such a blood by Lecanu shows tliis very 
clearly: 



BLOOD. 

• • 


• AVater, 

^ Albumen, 

Acid soap, 
Cholesterin (1*08) 
Olein, 

Margarin, 

• Stearin, . ^ 
Salts, &C. • 

Hematosin, trace. 


# 



j 


794 

64 

117 

25 
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. 1000 

The analysis of Dr ^hristison o^ Edinburgh agrees with that of 
I^canu. ^ ^ • 

14. Injection of salts into the blood of living -Mr 

Blake has madcTi set of curious experiments on the action of salts 
when thus injected.* He finds that salts with the same base have 
generally the same action. The salts of magnesia when intro¬ 
duced in any quantity arrest altogether the action of the hearty 
and produce a complete prostration of muscular power. The 
salts of zinc arc similar, but not so powerful. The salt^ of ba¬ 
rytes, strontian, and lead, occ-asion contractions in the muscular 
tissues, which continue many minutes after death. The salts of 
silver and soda produce a remarkable action on the pulmonary 
tissue, which seems to occasion the death of the animal. 

The preceding account applies almost exclusively to human 
blood. Few experiments have been made on the blood of 
the inferior animals. There cannot, howevdr, be a doubt that 
the blood of every species of animal has sometliing peculiar, an^ 
adapted for the animal in whose blood-vessels it flows. This 
is evident from the facts observed when blood*is transfused 
from one animal to another. It is well J^nown that when a 
blood-vessel in a living animal is opened, and the blood alloav- 
lowed to flow out, the animal loses all sense and motion, and * 
speedily dies. But if the blood of another animal of the same 
species be made to flow into the vessels of the exhausted ftnimal 
it speedily recovers its sensibility and power of motion, iCbd sus¬ 
tains no perceptible injury. The blood of a sheep in this way 
may be transfused without injury into another sheep. But if we 
transfuse the blood of a sheep into a cat or a dog, the animal dies. 
This must be owing either to a diversity of the proportion of the 






Phil. Mag. (3d series), xviii. 547. 
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constituents of the blood in different animals, to a diversity in 
the constituents themselves. The few analyses of the blood of 
inferior animals are not capable of enabling us to decide this 
poiht; but ii may be worth while to state here the principal facts 
which have been ascertained. 


^ Ox blood ,—^Lecanu analyzed the hematosin in ox blood 
and obtained, , 


Carbon, 

66*49 

65-91 

Hydrogen, 

. 5.30 

5-37 

Azote, 

10-54 

10-54 

Oxygen, . 

11-01 

11.75 

Iron ,1 

6-66 

6-58 


100-00 

100-15 

Two analyses of dried ox blood were made in Liebig’s laboratory 
by Messrs Playfair and Bockmann. They obtained, 


Playfair. 

Bockmann. 

Carbon, 

51*950 . . 

51-965 

Hydrogen, 

. 7.165 

7*330 

Azote, 

17-172 

17-173 

Oxygen, . 

- 19-295 

91-115 

Ashes, 

4-418 

4*413 


100-000 

99-996 

2. Horsds blood. — The following table shows the difference in 

the proportion of water and solid matter in 

the arterial and ve- 

nous blood of the? horse : 



L- 

-Arterial Blood. 



Water. 

Solid matter. 

From the aorta, 

783*83 

216.17 

From the carotid. 

. 7.85*50 

214-50 


^ IL—Venous Blood. 

Water Solid matter. 

795*67 • 204*32 

804*55 . 195*45 

‘^According to Magnus 1000 volumes of horse’s blood gave 

47 volumes of carbonic acid, 

12 volumes of oxygen, 

7 volumes of azote, 

while 3 ^)00 volumes of calTs blood gave 

4 
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• 55*6 volumes of carbomc acid, 

^ 9*6 volumes of oxygen, 

6*4 volumes of azote. 

3. Bhod of birds ,—^Prevost and Dumas found tile blood from 
the jugular vein of the following birds composed of, * 


• 

.Clot. 

• Serum. ^ 

Water. 

A young ra^n, 

14*66 

* . 5*64 .’ 

A % 

79*70 

A heron, 

13*26. 

. 5*92 . 

80*82 

A duck, 

15*01 

. 8*47 . 

76*52 

A hen, « 

15*71 

. 6*30 . 

77*99 

A pigeon. . ^ 

15*57 

. 4*69 . 

79*^4 


• • # 

The facts just stated* few and imperfect as they are, show clear* 

ly that the constitution of ^he blood is different in different ani* 

mals. 


CHAPTER II, 

OF SALIVA. 

The saliva is a liquid secreted by six glands, three on each 
side of the mouth. Tliese are the two parotids,^the two submaxil* 
lary, and the two sublingual. 

It is a liquid, which is colourless or nearly so. It is not quite 
transparent, containing a few white Hocks, which gradually sink 
to the bottom, when the saliva is collected in a glass. Probably 
these flocks come from the mucus which lines*the ductus stemmi' 
anus and the other salivary ducts. * 

It is not easy to form a notion of the quantity of saliva secret¬ 
ed by the salivary glands; though it must be considerable. M. 
C. G. Mitcherlich collected all the saliva fiym one of the paro¬ 
tid glands of a patient in an hospiti^l in Berlin, who had a fistn- 
la in that parotid. In 24 hours it amounted to 1048 grains. 
Hence in this case the two parotids must have secreted2096 grmns 
in 24 hours. The submaxillary and sublingual glands are much 
smaller than the parotids. But if we suppose them equal to one 
parotid, the whole saliva secreted in 24 hours will be 3144 grains, 
or almost ounces avoirdupois.* * 


* Poggendorf’B Annolen, xxvii. 320. 
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Most p^sons swallctvy their spittle once every two minutes. 
The average weight of the saliva taken into tlje stomach each 
time is 6*7 grains. This (in 16 hours) would amount to 3216 
grains, or 7| ounces. This estimate, (allowing eight hours for 
sleep, dhring which little‘saliva is secreted,) comes very near 
i:he estimate of Mitcherlich. • * 

Hkller informs us th^t 1^0 lbs. of saliva were emitted during 
the treatment of a syphilitic patient: but he does not say how 
long the treatment continued.* 

* Saliva in the mouth varies somewhat in its‘nature. Most 
, commonly it is very slightly acid, though sometimes it is neutral, 
and*sometimes alkaline. The saliva collated by Mitcherlich 
jrom4:he fistula during meals was acjd; but at other times alka> 
line. During meals it was secreted so^ abundantly that it could be 
collected in drops. At othfer times the flow whs much smaller. 

iTiedemann and Grmelin assure us that, when pure, saliva is 
always alkaline; and the same statement has been made by Dr 
Donn4t M. Boudet has shown thaf the saliva and the mucus 
secreted in the mouth arc always alkaline; but that the secre¬ 
tion from the gums is always acid,^ 

The specific gravity of saliva varies somewhat, as may be seen 
from the following table: 

I found it in a case of salivation, *1*0038 

Tiedemann and Gmelin found it, 1*0043 

Mitcherlich, from . 1*0061 to 1*0088 

About dinner, Mitcherlicli found it, 1*0074 

Mean gravity, • . . 1*00518 

* It has been already observed, that saliva contains white flocks, 
which gradually subside to the bottom. Mitcherlich found that 
29*797 of saliva deposited 0*0015 of these white flocks. Accord¬ 
ing to this estimate,^ 100000 parts of saliva contain nearly five 
pniis of white flocks. In anothef experiment the quantity was 
greater. Berzelius estimated the quantity much higher, rather 
^ore than y q'q ^jth of the whole. Part of this difference probably 
arises from the different temperatures at which the flocks were dried. 

* These white flocks are insoluble in water, alcohol, and acids. 
They are soluble in potash, and the solution is precipitated by 
acid. When the flocKs are dried they assume a brown colour. 


• E\em. Pby*.^b.xviu. 
Ibid. p. 396. 


I Jour, de Phann. (.3d senes,') i. 395. 
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Saliva freed fre^ these flocks is quite transparent, ofibn colour- 
*lcss, but sometimes it acquires a yellowish hue. At least a phial 
of saliva which f have kept for 2.5 years has assumed a rather 
deep brhwnish yellow colour, but still retains its transparency. 

Alcohol added to saliva occasions*a white precipitati!. On 
heating the liquid this precipitate is partly redissqlved; but it, 
falls down again wfien the liquid cools. • • 

Nitrate of silver throws down fuprecipitate easily soluble in 
ammonia. * 

Tincture of ntit-galls throws down a light brown precipitate, < 
soluble by heat, but agapi appearing when the liquid cools. 

Acetate of lead thfows down a«copious white precipitate, *not 
soluble by heat, but disaj>j)earing on the addition of acetic .acid. 

Sulphuric acid gives a slight Hocky prccij>itate. 

Caustic potash nr ammonia produtes no sensible effect 

Treviranus first observed that saliva got a red colour whew a 
litthi perchloride of iron was mixed with it Ticdemann and 
(finelin have inferred that«this colour is phodiiced by a^t/iinute 
(quantity of suljihocyauic acid contained in saliva. With me the 
experiment docs not succeed; but I have been toUrby Dr Al¬ 
exander Stewart, that the saliva of smokers was found to'strike 
a red with perchloride of iron. Would it not seem from this as 
if the sulphoeyanK; acid in sidiva were generated by the action 
of tobacco smoke V 

Such are the effects of reagents u]>on saliva. I^ct us now see 
what arc its constituents. 

Mitcherlich cvajiorated 66,775* parts of saliva, of specific gra¬ 
vity 1*0083, to dryness in vacuo over sulphuric acid. The resi-* 
due weighed 1*08 parts, or 1*017 per cent. It was divided by 
means of water and alcohol into the four following portions: 


1. Insoluble in water and in^aleohol of l).8j63, 0*281 

, 2. Soluble in water, but not jn alcohol of 5*863, 0*352 , 

3. Soluble in water, but not in alcohol of 0*800, 0*296 

4. Soluble in water, and in alcohol of 0*800, 0*192 • 


1*121 

Excess, . 041 

• - - 

1*080 


TJu‘ qiinntUv was 66-775 grammes, or almost exactly 1030 ginins. 

bI) 
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The following are the characters of these four ^visions: 

1. The substance already mentioned as existing in saliva in 
white flocksj and considered as mucus* It amounted in this case 
to 0*42 per fcent of the saliva. 

Acetic acid causes it to swell up and to become gelatinoua But 
^0 solution t^kes place even at a bcaling temperature. Sulphu* 
ric dlbid gives it a red colour^ but produces nd further alteration. 
Muriatic acid dissolves it, and the colour of the solution is blu¬ 
ish. This colour is produced slowly when the acid is cold; but 
' more rapidly at a boiling temperature. Ammonia behaves like 
acetic acid. Caustic potash causes a slight swelling, scarcely 
per6eptible, but dees not dissolve it. ^ 

2. ^ The substance soluble in water, but insoluble in alcohol 
of 0*863, and amounting to 0*527 per cent, is what chemists 
have denominated salivin cr ptyalin. Its characters were first 
deicribed by Berzelius.* It was afterwards examined by Leo¬ 
pold Gmclin. The characters given by these two chemists dif¬ 
fer in ^consequence of the different methods employed to obtain 
the salivin. For heat alters its properties. Its characters have 
been detailed in the first part of this volume, while treating of 
animal sidtstances, 

3. The matter soluble in water, but insoluble in alcohol of 
0*800, con^sts cHiefly of the salts contained in saliva; but is not 
quite free from animal matter. It amounts to 0*443 per cent, of 
the saliva. It has a yellow colour and does not deliquesce. Its 
solution is not altered by chloride of barium, sulphuric or muria¬ 
tic acid, corrosive sublimate, chloride of iron, nor by infusion of 
nut-galls. Acetate of lead gives a white precipitate, not redis¬ 
solved by acetic acid or water. Nitrate of silver tlirows down a 
white precipitate soluble in ammonia. When burnt it gives out 
the smell of animal matter, and leaves a coal containing potash 
^nd soda. Probably the animal matter which it contains is salivin. 

4. The matter soluble In water and in alcohol of 0*800, 
amounted to 0*287 per cent. It had a yellowish red colour, and 
deliquesced rapidly if the alkali had not been neutralized. It 
‘■gave, when burnt, the same products as'the other substances, 

and left a potash and soda salt 

The properties of "this substance are best observed when the 
saliva has been previously neutralized by sulphuric acid. If we 

• Annids of Philospby, (Ist series,) ii. 380. 
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expose the substance (No. 4) to the air after such neutralization 
’it absorbs moistyre; the animal matter is dissolved, while the 
salts remain in crystals. The liquid being poured off is found to 
contain ho sulphuric acid. The animal mattpr thus separated 
from the salts has a red colour and %n acid reaction. * With 
acids, potash, Ammonia, and corrosive sbblimate, it gives no j>re-« 
cipitate. Acetate of lead throws dowp ajslight precipitate again 
redissolved by boiling. Perchloride of iron gives a flocky^ red 
precipitate not again dissolved by water. Nitrate of silver gives 
a precipitate solnble in ammonia. 

When sulphuric acid js added to saliva to neutralize th^soda 
which it contains, whi^e flocks precipitate. These flocks consti¬ 
tute salivary mucus. As thqy continue to fall till the soda is sa¬ 
turated, and as no effervesceyce is perceptible, the probability is, 
that the soda in sa*)iva is in combinatton with this mucus.* The 
following table exhibits the saline contents of 100 parts of saM- 
va as determined by Mitcherlich ;* 


Chloride of potas^uni. 

0*180 

Potash combined with lactic acid. 

0*094^ 

Soda combined with lactic acid. 

0*024* ^ 

Soda combined with mucus, 

0*164 

Phosphate of lime. 

0*017 

• 

Silica, • . 

0*015 


0*494 


^Or nearly half-a per cent. 

Berzelius made an analysis of saliva, probably about the year 
1810 ;t though we did not become acquainted with his results in 
this country till about the year 1813.^ According to him 100 
parts of saliva consist of • 


Water, . • . . , 

992*9 

Salivin, . . , 

2*9 

Mucus, . ... 

1*4 

Alkaline chlorides. 

1*7 

Lactate of soda with animal matter. 

0*9 

Soda, 

. 0*9 


• 1000*7 


• Poggendorfs Annalen, xxvii. SS7. 

f No such analysis is to be found in the 2d volume of his Djurkemien, pub¬ 
lished in 1808. , 

t .^nals of Philosophy, ii. 880. 
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Tiedemanti and (iiiltelin made a great many experiments on 
human saliva, and on the siiliva of the dog and the sheep.* They 
found the specific gra\ ity of saliva made to flow by the stimulus 
of tobacco smoke to be 1*0043 at 53^°. It reacted feebly as an 
alkali, *and never was ackl. The residue when evaporated to 
dryness amounted to 1*1 if or 1*14 per cent. This residue being 
incinerated, left 0*25 of ashes, of wdiich 0*203 M*ere soluble, and 
0*047 insoluble in water consisting of earthy phosphates. 

lo6 parts of the residue obtained by evaporating saliva to dry¬ 
ness l)cing analyzed, yielded the following products : 

1. Faftty matter, analogous to cerebrote, substances soluble in al¬ 

cohol and w'atei'i extract of meat, chloriae of potassium, lactate 
of potash, sulphocyanate of potash, . . 31*25 

2. Animal substance precipitatctl by cooling from the so¬ 
lution of boiling alcohol with sulphate Of potash and 

''some chloride of potassium, . . 1*25 

3. Matters soluble in water only, viz. salivin, much phos¬ 
phate, and a little of sulphate of An alkali, and chloride 

of potessium, . . . 2()*(X» 

4. Substances neither soluble in water nor alcohol, viz. 

mucus, a little albumen, with alkaline carbonate and 
phosphate, . . . 40*00 

92*5 

The 8*5 p(*r cent, deficient was probably owing to the residue of 
soda still retaining water. 

It may be woi®th while to notice the diflercnces in the charai*- 
ters of salivin, as stated by Ilerzelius and Tiedemann and (iimelin. 
Berzelius found it white, Tiedemann and (tmeliii light yellowish- 
brown. • 

Berzelius states it as soluble in water; Tiedemann and (Imclin 
found that every time it was dissolved in water it left alight^brown 
membranous residue. 

^ According to Berzelius, it is not precipitated by infusion of 
nut-galls, diacetatc of lead, nor corrosive sublimate. According 
* to TKjdemapn and Gmelin, it is precipitated not only by infusion 
of nut-galls, but also by lime-water, solutions of alum, and by 
neutral salts of coppfer, lead, and iron. 

It is pretty clear that the salivin of Tiedemann and Gmelin 
•was mixed with the mucus of the saliva. 


* Tiedemann and Gmelin sur la Digestion, i. 4. 
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1. The saliva the horse was examinccUby Lassaignl: in 1821.* 
It was colourle^, had a slight smell, and on exposure to the air 
become muddy, and let fall a white precipitate consisting of car¬ 
bonate of lime mixed with a little phosphate. It wfts slightly al¬ 
kaline, and when heated, let fall somoflocks of albumen. • Being 
evaporated tft dryness, it left 3^ per cent, of matter consisting oj 

1. Animal matfer soluble in alcohol. • 

2. Animal mater soluble in water, 

.3. Albumen. 

4. Trace of «nucUs. 

5. Chlorides of pota^iiini and sodium. 

<>. Soda. * • • 

7. Carbonate of lime. ^ 

•S. l^hosphate of lime. 

2. The saliva df the dog was j>al<» yellow, mucilaginous, and 
slightly muddy ; wdicii evaporated, it left 2*38 per cent, of rusi- 
due. From this residue alcohol extracted common salt, with a 
very little lactate of soda, and a mere trace of extract pfnioat. 
The portion insoluble in alcohol consisted chiefly of salnin unit¬ 
ed to soda. It possessed exactly the characters of stiliviu from 
human siiliva. 

3. The sfiliva of the sheep was very liquid, and not mucilagi- 

noiis. Its taste vftis feebly siiliiie, and its reaction w'as alkaline. 
It left a residue, when evaporated to dryness, amounting to 1*68 
per cent, of the saliva. This residue was a thick w4iitc membrane 
which attracted some moisture when exposed to the air. AIcch 
hoi extracted from it common salt, and was 1*eddened by per- 
chloride of iron, indicating the presence of sulphocyanic acid.* 
The residue left by the alcohol yielded to water a mere trace of sa- 
livin, but several saline substcinces. The iusoluble*rcsidue was 
brittle and membranous. It^id not dissolve nor gelatinize in 
acetic acid. 100 parts of this ^liva contained, « 

1. Water, . . , 98*90 

2. Matters soluble in alcohol, viz. much extract of meat, a * 

substance which caused common salt to crystallize in oc¬ 
tahedrons, common salt, and a little sulphocyanate of * 
soda, . . . . O’ll 

3. Matters soluble only in water, viz. tfaces of salivin, 

much phosphate of soda, much chloride of potassium and 
carbonate of soda, . . 0*82 




* Ami. dc Chilli, et dc Phys, xix. I7(i. 
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4. Matters insoluble in water and alcohol, viz mucus or 
coagulated albumen, a little phosphate and carbonate of 
lime. ... . 0*05 


99*88 

Jt would appear from an observation of Leuchs that? when starch 
is boiled with saliva, th^ solution becomes more liquid, and ac¬ 
quires a sweet taste.* From<this it would seem that saliva is ca¬ 
pable of converting starch into sugar. He found that neither 
albumen, gelatin, nor salivin possessed this property. 

The saliva is sometimes liable to undergo morbid alterations. 
There are two cases on record in which it contained a good deal 
of oxalic acid. Clerc mentions tlia^ he has sometimes observed 
the saliva in diseased persons acid and sometimes alkaline; 
but he does not seem to h&ve made any observations to deter¬ 
mine the nature of the acid or alkali present It varies much 
in quantity and consistence: but no accurate set of observations 
has yet .been made upon the alterations induced in saliva during 
various diseases. According to Dr Donne, the saliva becomes 
acid when inflammatory diseases of the stomach exist, and it as¬ 
sumes its natural state of alkalinity as soon as that inflammatory 
affection ceascs.t 

Depositions from the saliva are frequently observed on the 
teeth. Such depositions are known by the name of tartar. It 
is a yellowish white bonydooking concretion, which gradually 
accumulates on the teeth unless they be regularly cleaned. At 
first it is little elsb than the mucus of the salivary ducts, which 
gradually adheres to the teeth and becomes discoloured. But 
by degrees subsesquiphosphate of lime appears, augments the 
deposit, and renders it harder. 

Tartari according to the analysis of Berzelius,^ is compos- 
<fd of, 


Earthy phosphates. 

79*0 

Mucus, 

12*5 

Salivin, . . K 

1*0 

Animal matter soluble in muriatic acid, 

• 

. 7*5 


100*0 


* Poggendorfs Aiumlen. xxii. 623. 

, f Ann. de Chim. et de Pb 3 r 8 . Ivii. 414. 
\ Annds of Fhilosoftliy, iK 3bL 
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The result of iny analysis of a specimen of tartar. Tor which I 
was indebted tQ Alexander Nasmyth, Esq., Dentist in Lon don 
is as follows: 

Subsesquiphosphate of lime, . ^ ti5*61 

Carbonate of lime, •. 


Silica vftth trace of iron and perhkps magnesia, 1*32 
Fixed alkaline chlorides, s 1*43 

Mucus and albumen, • . 10*49 

Saliviii, . . . 1 *32 * 

Animal matter soluble in muriatic acid, . 6*02 

Water, . • . . 6*63* 


. 100*00 . 

The earthy salts were objained by digesting the tartar in very 
dilute muriatic acid. The acid being drawn off, was neutraliz¬ 
ed and then mixed with caustic ammonia, which threw dow'n4he 
calcareous phosphate. Oxalate of ammonia threw down the 
lime left in solution. Thd residual liquid being evapoyrfted to 
dryness and ignited, a chloride of potassium and sodium re¬ 
mained, which, being dissolved, left a few black flocks, which, by 
digestion in nitric acid, became brown, and before the blowpipe 
exhibited the characters of silica tinged with iron. The bead with 
carbonate of soda* was opal. Hence 1 suspect^ the presence of 
magnesia. 

The water was determined by heating a portion of the tai'tar 
over the steam-bath till it ceased to lose w'eight. The tartar 
being digested in water a portion was dissolved. The w'ater be¬ 
ing evaporated, the residue was white; but became yellow when* 
heated, and ceased to be quite soluble. Hence (abstracting the 
chlorides present) it was considered as salivin. Tbeanimal mat¬ 
ter remaining after the tartaa had been‘treated with muriatic 
acid, water and alcohol was ^nsidered as mucus. 1 think jjt 
probable tliat the animal matter dissolved in muriatic acid was 
salivin ; but I did not succeed in getting it unaltered from that * 
solution, and could not therefore examine its properties. 
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CHAPTER III. 

OF THE LIQUID OF llANULA. 

, The term ranula is applied by French medical ftien to a soft 
whitish oblong indolent*,tumour, situated under the tongue, near 
the anterior ligament. Tliis-tumour is occasioned by the reten¬ 
tion and accumulation of the saliva in the excretory ducts of the 
maxillary and sometimes of the sublingual glands. As this li¬ 
quid consists of altered saliva, it will be proper to give an ac¬ 
count of it here. The only modern chemTst who has examined 
this liquid is M. Leopold Gmelin of Heidelberg.* It was ex¬ 
tracted from a tumour of ten yt^ars standing. The liquid was 
thick and adhesive like wd:ite of egg. It had a yellow colour, 
was. muddy, and reddened litmus-paper. 

A portion of it was mixed with four times its bulk of water. 
At first it did not seem soluble, but by long agitation it dissolv¬ 
ed with the exception of a few' very fine flocks. They were sepa¬ 
rated by the filter, but were so few that they could not be j)er- 
ceived when the filter was dried. The colourless solution froth¬ 
ed strongly when agitated, was still gelatinous, and when mixed 
with muriatic acid, gave, after some time, a ccqnous white preci¬ 
pitate. With nitric acid it gave a yellow precipitate. With al¬ 
cohol, thick w'hite flocks, and with tincture of nut-galls, cheesy 
brown-yellow flocks. By potash it was not altered. 

The greatest part of the liquid, amounting to 4*132 grammes, 
Vas evaporated to dryness over the water-bath. By the action of 
a boiling temperature it was white, almost opaque and cohered 
into one mass. It weighed 0*223 gramme, or 5*4 per cent. It 
was softened by water and then washed on the filter. 

The aqueous liquid when evaporated left a minute quantity of 
brownish yellow residue, which was deliquescent.' It was treated 
‘ with alcohol, which dissolved a trace of yellowish-brown deli¬ 
quescent abstract. Its solution in water gave, with acetate of 
lead, white flocks, and with tincture of nut-galls, brown flocks, 
and with nitrate of silver, a caseous precipitate. Perchloride of 
iron gave a deep reddish-yellow colour, destroyed by dilute mu¬ 
riatic acid. Hence it did not proceed from suljdiocyanic acid. 





* Ann. der Phann. xxxi. 92. 
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This extract cont|iiiied osmazomc, commofi salt, aiid a(X'tate of po¬ 
tash. , 

The portion of the watery extract insoluble in alcohol was 
merely* a trace. It jjrobably consisted of c£u*bonate and jllios- 
phatc of potash, and a small quantity of salivin. * 

The matter which had l)een treated with cold water was boiW 
ed in alcohol. Hie alcohol when jevaporated left a sub^nce 
like tallow, whose alcoholic solution did not redden tincture of 
litmus. 

The portion^nsoliible in alcohol, which constituted tlio princi- * 
pal part of the liquid pf ranula, possessed^ the characters^ of co-, 
agulated albumen. * • • . 

It appears from this analysis, iin})erfect as it is, that thejiquid 
of ranula has no resemblance to saliva: bciii" destitute of sul- 
phocyanic acid, dnd almost so of saKvin, while it contains abun¬ 
dance of albumen, which is not found in siiliva. • 


CHAPTER IV. 


or TIIK GASTUIC JUICE. 

The change wbich the food undergoes in the stomach was as- 
crilxMl at first to the inecdianical action of the stomach, but this 
opinion wasgradmdiy abandoned, and chemical physiologists were 
almost unanimous in assigning finneutntimt as the agent, though 
what was meant by fcrmenhition is far from t^ear. The nume¬ 
rous experiments of Reaumur, Stevens, and Spallanzani, de^ 
monstrated that the change of food in the stomach w'as owing to 
its solution in a liquid. This liquid W'as^admitted to be secreted 
in the stomach, and was therefore csWgA ^jaslric Juice {succus 
gastricus.) It seems needless tp rcl|ite the attempts to collect this 
liquid by Spallanzani, Gosse, Brugnatclli, Carminati, &c. be¬ 
cause they w'ere unsuccessful. The first important step to de^ 
terminc its nature was by Dr Beaumont of the United States 
army. He has published a very interesting set of experiments 
on the human gastric juice,* which tend to throw a great deal of 

• The original work, entitled “ Experiments and Observations on the Gas¬ 
tric Juice and the Physiology of Digestion,” was published in America in 1833. 
A new edition, edited by Dr Combe, appeared in Edinburgh in 1838. 
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new light on the process of digestion. Alexir St Martin, who 
was the subject of these experiments, was a Canadian of French 
descent. He had been engaged in the service of the American 
Fur Company, ai^d was accidentally wounded by the discharge 
of a musket on the 6th of June 1822. The charge, consisting 
•f powder and duck shot, was receked on the left side, distant 
not more than a yard from j;hc muzzle of the gun. The contents 
entered posteriorly, and in an "oblique direction, forward and in¬ 
ward, blowing off integuments and muscles of the size of a man’s 
hand, fracturing and carrying away the anterior half of the sixth 
, rib, frfjeturing the fifth, lacerating the lower jmrtion of the left 
lobe of * the lungs and the diaphragm, and perforating the sto- 
mach.n He came under the surgical ^treatment of Dr Beaumont, 
fevered, and for some time all the fpod taken into the stomach 
made its way through the perforation. Gradually, however, this 
was prevented by compresses applied to the opening into the sto¬ 
mach. By degrees the injured parts sloughed oflT, and the pro¬ 
truded portions of the stomach adhering to tht; phnira costalis and 
the external wound, a free exit was afforded to the contents of 
that organ, and efiiision into the abdominal cavity was thereby 
prevented. In about a year and a half after the accident, the 
whole was healed, aud the health and strength of St Martin 
completely restored, but the perforation of the stomach still con¬ 
tinued. It was situated at the left and upper side of the great 
curvature. The external opening was about two inches below 
the left nipple, on a line drawn from the nipple to the left ileum. 

At the point wfiere the lacerated edges of the musculai* coat 
of the stomach and the intercostal muscles met and united with 
the cutis vera, the cuticle of the external surface and the mucous 
membrane of the stomach approached each other very nearly. 
They did not unite Uke those of tlte lips, nose, 8cc. but left an in- 
te/mediate marginal space of aj^reciable breadth, completely 
surrounding the aperture. This space was about a line wide ; 
and the cutis and nervous papilla; were unprotected, and as sen- 
able and irritable as a blistered surface abraded of tlie cuticle. 

At lb’s!, when the stomach was empty, a portion of the mucous 
coat was protruded by the orifice to the size of a hen’s egg, but 
there wa^ no difficulty in reducing it by gentle pressure with the 
finger or a sponge wet with cold water, neither of which produ- . 
ced the least pain. 


4 
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The perforati(^ was about two inches and a half ifl circumfe- 
rence; and at ^st the food and drink constantly exuded unless 
prevented by a tent, compress, and bandage. During the win¬ 
ter of 1823-4, a small fold or doubling of the coats of the*sto- 
mach appeared, forming at the superior margin of theT orifice, 
slightly protruding and incseasing till* it filled the jiperture, so aji 
to supersede the ifccessity of the compress and bandage fdi* re¬ 
taining the contents of the stomach. This valvular formation 
adapted itself to the accidental orifice so as completely {o pre¬ 
vent the efflux of the gastric contents when the stomach was full, • 
but it was easily dcpregsed by the finger, ^ as to give free ac-, 
cess to the cavity of the stomach, end allow the introduction and 
removal of any substances, ^the digestibility of which was ^n ob¬ 
ject of experiment. 

Dr Beaumont ^ad ample opportunity of viewing the •appear¬ 
ance of the inside of the stomacli, as Alexis St Martin was •his 
servant for several years, and was subjected by him to various 
courses of experiment, in order to determine the phenoniaha that 
attend the conversion of food into chyme in the stomach. 

The inner coat of the stomach in its natural and ^ealt^ state 
is of a light or pale pink colour, var)ring in its hues according to 
its full or empty state. It has a soft and velvety apjiearance, and 
is covered with a* very thin transparent viscitf mucus lining the 
whole interior of the organ. 

Immediately beneath the mucous covering, and apparently 
incorporated with the villous membrane, appear small, spheroidal, 
or oval-shajied globules, from which the mucdUs matter appears 
to be secreted. * 

When food or other irritants are applied to the innermost coat 
of the stomach, innumerable minute lucid points and very fine 
papillm can be seen (by means of a ma^ifjring glass), arising 
from the villous membrane, ai]/l protruding through the mucus* 
from which distils a pure, limpid, colourless, slightly viscid fluid, 
which constitutes the true gastric juice. • 

This liquid is invariably acirf, while the mucous matter which 
covers the inside of the stomach has no taste whatever. The gash 
trie juice thus discharged is absorbed by tlie aliment in contact 
with it, or collects in small drops and tfickles down the sides 
. of the stomach to the more dependent parts, and there mingles 
with the food, or whatever else may be contained in the gastric 
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cavity. If is never acoumulated in the cavity the fasting sto¬ 
mach, and is seldom or never discharged, except when the ves¬ 
sels secreting it arc excited by the natural stimulus of food, by 
meclianical ifritation of tubes, or by other excitements. * When 
food is Veceived, the juice is given out in exact proportion to its 
a-cquirements/or solution,* exenpt wlien more food has been taken 
than^ necessary for the, wants of the system. * 

Probably tlie secretion from mechanical irritation is less than 
that produced by the stimulus of food: the latter is diffused over 
• the whole villous coat, while the former is only partial. On 
, viewing the interior of the stomach, the peculiar formation of its 
inner coats is distinctly seen. • When cmjfty, the ruga? appear 
irregularly folded on each other, almost quiescent, of a pale junk 
colour, and lubricated with mucus. On the application of food, 
the action of the vessels is increased, the colouf brightened, and 
th 9 vermicular motion excited. The small gastric papillm begin 
to discharge a clear transparent fluid, which continues to accu- 
mulatc*ubundantly as* the food is reedved for digestion. 

If the mucous covering of the villous coat be wij)ed off with a 
spongy during the period of chyraification, the membrane ap¬ 
pears roughish, at first of a deep jiink colour, but in a few se¬ 
conds the follicles and fine pajjillm begin to j)our out their re¬ 
spective fluids, which, being diffused over the'jDarts abraded of 
mucus, restore to them their jieculiar soft and velvety appear¬ 
ance and pale pink colour ; and tlie gastric juice increases and 
trickles again down the sides of the stomach. 

If the mucus b(f wijied off hen the stomach is empty, a simi¬ 
tar roughness and deep colour appear, though less in degree, and 
the mucus is more slowly restored. The follicles swell more gra¬ 
dually, and the fluids do not appear in such quantities as to 
trickle down, the mycus alone beisg restored. 

V In disease, the inner membrany of the stomach presents vari¬ 
ous and essentially different appeaiances. In fever, obstructed 
^perspiration, undue excitement by spirituous liquors, or when 
overloaded with food, while under tlie influence of fear, anger, 
or whatever depresses or disturbs the nervous ^stein—the villous 
coat becomes sometimes red and dry, at other times jialc and 
moist, and lose’s its smboth and healthy appearance. Tlie secre- 
t! >ns become vitiated, greatly diminished, or entirely suppressed. 

The mucous covering can scarce be observed ; the follicles are 

a 
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flat anil flaccid, v^th secretions insufficient to protect tfie vasculai* 
and n(irvoiis paj)dlae from irritation. 

Sometimes eruptions or deep-red pimples appear on the inter¬ 
nal codt of the stomach, not numerous, but distributed here and 
there upon the villous membrane. They are at first shai^point- 
ed and red,*but frequentl}& become filled with ^hite puruleijJ. 
matter. At othdt times irregidar, circumscribed red pfiftches, 
varying from half an inch to an incli and a iialf in circumference, 
.nppciar on the internal coat, seemingly the effect of congestion in 
the minute blo#d-vessels of the stomach. At times, small aphtlious • 
crusts in connection wi|Ji these red patches are sccri. Abrasion of^ 
the mucus leaving tHb papilla* bare for an iiulefinite space, h not 
an uncommon appearance.^ , 

When these diseased appearances are considerable, aiicl particu¬ 
larly when there^re corresponding •symptoms of disease, as dry¬ 
ness of the mouth, thirst, accelerated pulse, no gastric juice can be 
(!Xtractcd, not even on the apjilication of the stimulus of food. 

J )rinks received into the stomach are immediately absorbgtl, none 
remaining in that organ ten mi n utes after being swallowed, Food 
taken during this condition of the stomach remains undigested for 
forty-eight hours or more, incrcjising the derangement of the 
whole alimentary canal, and aggravating the general symptoms 
of disease. • 

After excessi\'e eating and drinking cliymitication is retarded, 
and, although the appetite is not always impaire<l at first, the 
fluids become acrid and sharp, excoriating the edges of the aper¬ 
ture, mid almobt invariably producing aphthous patches, imd the 
other indications of a diseased state of the innermost mcinbran^ 
which have been already mentioned. Vitiated bile is also found 
ill the stomach under these circumstances, and flooculi of mucus 
are also much more abundant than in he*alth. 

Whenever the morbid eonchtion of the stomach appears, thg'c 
is generally a corresponding appearance of the tongue. When 
a healthy state of the stomach is restored, the tongue invariabl^P 
becomes clean.* 

Dr Beaumont had an opportunity also of observing tlie peris¬ 
taltic motion of the stomach during digestion. It camies the food 

• 

• See Beaumont’s Experiments^ Chapter vii. The above descriptioti of the 
appearances of the stomach in health and disease has been given as nearly as 
])ossibb* in the words of Dr Beaumont. 
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to revolve* round the r stomach in from one to three minutes. 
The consequence of this is a thorough mixture'of all the differ¬ 
ent articles of food with each other. If a mouthful of some te¬ 
nacious food*be swallowed after digestion is considerably ad- 
vancodj^it will be seen passing the opening to the great curva¬ 
ture, and in the course of One and a half or two minutes, it will 
reappear with the general circulating contents, more or less 
broken to pieces or divided into smaller pieces, and it very soon 
ceases to be distinguishable. 

' As the food becomes more and more changed from its crude 
state to that of chyme, the acidity of the gastric juice is consi¬ 
derably increased—< more so in vegetable tiian in animal diet— 
and tlje general contractile force of Ac muscles of the stomach is 
augmented in every direction, ^ving the contained fluids an im¬ 
pulse towards the pylorus. During the whole 'process of diges¬ 
tion, the bulk of the food in the stomach is continually diminish¬ 
ing ; slowly at first, but more rapidly towards the conclusion of 
the chjrmification. Hence it must be'^passing through the pylo¬ 
rus during the whole time of digestion. 

The^gastric juice was extracted from the stomach of Alexis 
St Martin in the following way : He was placed on his right 
side. The valve within the aperture was depressed, and a caout¬ 
chouc tube of the size of a large quill was introduced five or six 
inches into the stomach. He was then turned on his left side so 
as to make the orifice dependent. The stomach was empty and 
contracted on itself. The tube acted as a stimulant, and the 
gastric juice began' to flow first by drops, and then in an uninter¬ 
rupted, and sometimes in a continuous stream. Moving tlie tube 
up and down, or backwards and forwards, increased the discharge. 
The quantity^ of fluid obtained was from half-an ounce to two 
ounces troy, according'to circumstances. Its extraction w as at¬ 
tended by that peculiar sensation at the pit of the stomach, call¬ 
ed sinking, with some degree of faintness, which rendered it ne- 
Hiessary to stop the operation. The juice was usually extracted 
early in the morning when the stomach was empty and clean. 
The following is a description of the gastric juice thus extracted, 
as drawn up by Dr Silliman, Professor of Chemistry in Yale- 
College. * • 

** The fluid, after having been kept in a closely-corked phial 
more than three months, from April to August, and most of the 
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time in a cellar, Remained unaltered, exoept the fonfialion of a 
pellicle on the surface, slightly discoloured by red spots. A se¬ 
cond pellicle appeared after the precipitation of the first. It was 
thicker* and more discoloured with dark-red spot^ like vehous 
blood. • 

The fluid was cloudy, like a solution of guip-arabic ; bu^ 
when filtered, it bdbame perfectly clear, Md of a slight strain-yel¬ 
low tinge. • * 

“ The pellicles, which had the appearance of inspissated mu¬ 
cus, after being separated from the fluid, became, after exposure * 
to the air, throughout gf a brownish red colour, resembling the, 
inner portion of a m£&s of coagnlatetl blood. •This change s&ems 
to result from a sudden exudation. , 

“ The fluid exhaled a slight odour, not disagreeable—^rather 
iiroraatic, and vci^ similar to that ¥diich it at first exhaled, but 
not so strong. It was then rather disagreeable. • 

“ Taste feebly saline, not disagreeable. 

“ Test papers of litmus,*alkaline, and purple cabbage ^bre de¬ 
cidedly reddenecL Turmeric paper underwent no change, but 
when previously browned by ammonia, the gastric juice restored 
the yellow colour. 

“ Nitrate of silver gave a dense wliitc precipitate, wdiich, after 
standing five minntes in the sun’s light, turnea to a dark brown¬ 
ish-black, thus indicating muriatic acid. Muriate and nitrate of 
barytes gave a slight opalescence, indicating a trace of sulphuric 
acid. Probably there was also some phosphoric acid. 

“ Specific gravity about 1*005.” • 

It was subjected to an imperfect chemical examination by Pro^ 
fessor Dunglison and Professor Kmmit of Virginia College. 
They found it to contain free muriatic and acetic acids, phosphates 
and muriates, with bases of pqfash, soda, magnesia, and lime, and 
an animal matter soluble in cold water, but insoluble in hot « 

It was shown many yeiirs ago by Spallanzani, and his experi¬ 
ments were confirmed by those previously made by Dr Stevens,* 
that the gastric juice acts as a solvent to the food, and that it is 
capable of dissolving the food out of the stomach, in phial^ pro^ 
vided the temperature be kept as high as 100*, which is a^ut 
that of the human stomach during digestion. These concluaons 
have been fully confirmed by Dr Beaumont, who not only wit¬ 
nessed the solution of almost every kind of food in the stomach 
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during chyraification, 6ut tried tiie efFiKit of the gastric juice 
upon the same kinds of food in phials at the temperature of 100^, 
and found it to dissolve them precisely as happened in the sto¬ 
mach, though in general after a longer interval of time. 

Dr Beaumont has publiched the different series of experiments 
yrhich he made by introducing various articles of food into the 
storakch, and noticing the time that elapsed beferc they were di¬ 
gested. Tliese experiments throw considerable light upon the 
relative digestibility of different kinds of food, and on tliat ac¬ 
count arc highly deserving the attention of medical practitioners; 
but, as^hey do not throw much light on the nature of the gastric 
juice, it would be improper to*give an account of them here. 

Frpm the preceding account it will be seen, that there is a li¬ 
quid secreted in the stomach during digestion, which has the pro¬ 
perty of dissolving the food^* and reducing it to* a kind of pap, in 
which the various articles of food iire so much altered in their 
appearance that they can no longer be recognized by their sensi¬ 
ble properties. We know that during mastication a considera¬ 
ble quantity of saliva is mixed with the food in the mouth, and 
passes along with it into the stomach, so that the gastric juice 
consists at least in part of saliva. Dr Prout has sliown that the 
gastric juice always contains free muriatic acid, and Tiedemann 
and Graelin that in animals which live on vegetables there is 
always free acetic acid, and occasionally free butyric aci<l in the 
stomach. Now it comes to be a qm^stion whether the s^Uiva and 
these acids be not capable of converting all kinds of food into 
chyme, and thereAire do not constitute the whole essential por- 
'‘tion of the gastric juice. The experiments of Eberle, Muller, 
and Schwan have shown that something more is necessary. The 
following is an epitome of their very curious experiments. 

1. There are certain articles of food that are dissolved in glass 
tubes by saliva kept at the tcmjierature of 100°. This is the case 
with boiled starch, which, by digestion in saliva, is converted in- 

• to starch-gum and sugar. 

2. There are certain other articles of food which are dissolved 
*m glass tubes filled with water, acidulated with muriatic or ace¬ 
tic acid, and kept at the temperature of 100°. This is the case 
with casein, gelatin, afid gluten. At least the effects of the dilute 
acids on these substances agree with what Tiedemann and Gme- 
Vm observed in natural digestion. Gelatin, for example, loses 
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its property of |;elatinizing and of beii% precipitated by chlo¬ 
rine. , 

3. But there are various articles of food which require another 
digesting principle to convert them into chyn^e. "rtiis is the case 
with coagulated albumen, fibrin, and* (to a certain extent also) 
casein. To^nake an artificial gastric juice, capable of di^lv* 
ing these substanc^, a portion of the thfrd or fourth stomach of 
an ox was digested for twenty-fmir hours in water con|alning 
21 per cent of muriatic acid, and the liquor was then filtered. 

It contained in*solution 2*75 per cent of solid matter, and re- * 
quired rather more than 2 per cent of ciq'bonate of po^h to • 
neutralize it When* this liquid was digested for several hours 
on coagulated albumen in ppwder, it dissolved. ^ • 

Miiller’s experiments showed that the mere acid solution will 
not dissolve albulhen. And Eberletind Schwann found that the 
same acid solution, after the third or fourth stomach of the ^x 
is digested in it, acquires the property of dissolving albumen. It 
is clear from this, that sofhething is taking up from these sto¬ 
machs, which gives the acid liquor the power of dissolving albu¬ 
men and fibrin. To this substance, in consequence of its digest¬ 
ing property, Schwann has given the name ofpepsinJ* 

The gastric juice, it would appear from these experiments, 
consists of salivOf *of muriatic and acetic acidSf and of pepsin, * 
This last substance is obtained by digesting the third or fourth 
stomach of the ox in a dilute solution of muriatic acid. Some 
experiments were made by Schwann to determine the nature of 
pepsin. But they were not very successful. •The facts ascer¬ 
tained have been stated in a preceding chapter, when treating* 
of pe{>sin. 

The most characteristic action of pepsin is its predpitating ca¬ 
sein or coagulating milk. When 0*42 of pe]^ solution is mix- 
«ed with 100 of milk, the milk copulated. The quantity 
the muriatic acid of commerce necessary to produce the same 
effect is 3*3 per cent. ' • 

The neutralized solution of peprin still coagulates milk. But 
if its temperature be raised to the boiling point its propdHy of* 
coagulating milk is destroyed. 

The small quantity of pepsin which caui^ the solution of al¬ 
bumen is remarkable. Acidulated water holding in splution 

* From vi4«r, digestion. 
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only of its weight of pepsin shows a decided action on al¬ 
bumen. 98 grains of water acidulated with muriatic acid, and 
oontpdning only 4*8 grains of the solution of pepsin, dissolve 49 
grains of albumen ^n twenty-four hours, when kept at the tem¬ 
perature of 99^.5. Now, Us 4*8 grains of digesting liquor con¬ 
tain only 0*11 grain of solid matter, <while 49 grainsf'of albumen, 
when dried, leave about' 10 ^ains of solid mafter, it follows that 
one grain of pepsin is capable of causing the solution of 100 
grains of dry albumen. 

' When pepsin liquor is employed to dissolve albumen, it part¬ 
ly loses its digesting power. Hence it must suffer an alteration 
during the process;' 

It rote best at the temperature of 100^ But it will act also 
at 64** or 66% though not so well. 

Wlien the albumen hasr^' been previously induced to a fine 
ponder, it is (hssolved in from six to twenty-four hours. Fi¬ 
brin is dissolved in from three to twelve hours. The presence 
of atmospherical mr is not necessary Tor these solutions, and no 
gas is given out. Some salts, sulphate of soda, for example, hin¬ 
der fh^ digesting action of pepsin. 

The solution of albumen in the peptin liquor consists, accord¬ 
ing to Schwann, of, I. Altered albumen dissolved in the acid, 
•and predjntable by neutralizing that acid; 2. Of osmazome; 
3. Of salivin. Flesh, both raw and roasted, is also dissolved by 
the pepffln liquor; but the process is slower.* 

Vogel has shown that pepsin is not formed by the action of 
the acid upon tbe mucous membrane of the stom^h. For if 
^we digest ^e mucous membrane in pure water we obtain a li¬ 
quor which possesses digestive properties. Other acids produce 
the same effect as the muriatic. Vogel tried the sulphuric, ace¬ 
tic, phosphoric, and nitric acids successfully. Phosphoric acid 
enswered best, and nitric acid worst of all fhese add&t 

Vogel examined also the changes produced upon albumen and 
’ fibrin when dissolved in the pepsin liquor. It had been shown 
by Fberl6 and Schwann, that the albumen, after being so dis- 
^ adved, was not coagulated by heat, and was partly soluble in al- 
oohoL . The solution is muddy. Alcohol increases the muddi¬ 
ness somewhgt. TaAnin throws down an abundant brownish- 

* Ek^hrani, f*togB;endocf« Anmlen, xnviii. 858. 
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white precipitatei Pnissiate of pota^ A bulky white, and red 
prussiate a gre^ precipitate. Carbonate of soda throws down a 
white TOlatinous {^ipitate, soluble in water and ^cohol. JThe 
liquor IS still precipitated by tannin bi^ not by pniasiate of po¬ 
tash. * It is also precipitated acetal^ of lead and by a Mlution 

of alum. Gbrrosiye sublimate throws* down a bulky white pro* 
cipitate, and sulpliate of copper an abunflant greenish-blue pow¬ 
der. Vogel analyzed this last precipitate and found thp albu¬ 
men unaltered in its chemical constitution. Nor does the fibrin 
dissolved in tht? pepsin liquor seem to have changed its nature.* * 
From the preceding Retail, which has bqpn lengthene(f,out in* 
consequence of the ooscurity of the subject, it appears that 19be 
gastric juice is secreted only^when the stimulus of food is applied; 
that it is a clear transparent liquid contiuning as essential ingre¬ 
dients, about 2| b^r cent, of muriatic add, and a certain pro¬ 
portion of peprin which has not been determined. Wlmther fhe 
pepsin of the gastric juice be analogous to amyffdaUn of the al¬ 
mond, has not been detemtined. It is much more jffobable that 
it is a substance quite peculiar, formed in the stonuudi for the 
express purpose of converting the food into chyme. , 


CHAPTER V. 

OF THE PANCREATIC JUICE. 

The pancreas is a conglomerate gland resembling closely in its* 
appearance the parotid. It is about the size of a dog*s tongue^ 
and extends from the spleen to the curve of the duodmium, rest¬ 
ing over the spine. The duct» which conve^^s the liquid secret- 
> ed by the pancreas, was first depionslrated by John George Wiu* 
sung of Bavaria in 1641; though it is stated by Haller that it 
was pointed out to Wirsung by Maurice Hoffmann. Be that as * 
it may, Begnier de Graaf collected the gastric juice of a dog hi 
1664, and endeavoured to determine its nature. He opeiftd the* 
duodenum, introduced a quill into the pancreatic dud;, and al¬ 
lowed the liquid to fass through it into a bottle. He describes 
it as limpid and acidulous, or most commonly addulo-saUne. 

* Jour de Pharmade, xxv.'p. 662. 
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It was afterwards coll(kited and examined by ^chuyl, Wepfer, 
Pechlin, Brunner, and J. Bohn ; the first of whom confirmed, 
while the others combated the opinions of De Gh*aa*^. But, from 
the infant 8ta\e of,chemistry at the time when they lived, their 
examinktions could scarcely lead to any satisfactory resulh 
« After some progress had been made in the investigation of 
animal fluids, a few olfeeryations on the pancreatic juice were 
made by Mayer. Magendie vdso attempted to collect it, though 
he succeeded in obtaining only a few drops. He found it yel> 
lowish, saline, alkaline, and coagulable by heat.^ 

. The’most celebrated phynolugists ofi. the last century, 

mfhin, Stahl, Boerhaave, Hallar, &c. concur in opinion, that the 
panci;^atic juice is of a similar nature with saUva. And this opi> 
nion, folded on the similar appearance of the pancreas and pa¬ 
rotids, was generally adopted. The experiments of Tiedemann 
and L. Gmelin, detailed in their work on digestion, have at last 
given us some facts, which will enable us to decide this long dis¬ 
puted point 

They collected the pancreatic juice of the dog, the sheep, and 
the ho^se, by the same method which had been previously em¬ 
ployed by De Graaf, and which succeeded with them perfectly; 
though it had failed with Magendie. * 

It appears from their experiments, that the quantity of pan- 
a*eatic juice secreted is not large, i hey found it always acid 
when the animal was in full vigour; but when its health and 
strength were enfeebled by the painful situation in which it was 
placed, the pancreatic juice became alkaline. In four hours 
’ihey collected from the pancreas of a large dog 154 grains of 
pancreatic juice. After the experiment was finished, the glass 
tube through which the juice had flowed was withdrawn, the ex¬ 
cretory duct was tied up, the viscera replaced in the abdomen, 
qpd the external wound closed by sutors. The animal gradual¬ 
ly recovered, and continoed''in perfect health for eleven weeks. 
^ He was^lled, and the state of the excretory ducts of the pancre¬ 
as examined. There were two pancreatic ducts in that dog. 
The larger had been tied up, but the smaller, which entered the 
duodenum along with the ductus communis choUdochus, supplied 
its place. • 

The pancreatic juice thus collected was opal coloured, and was 

* Phydolope, ii. 867. 
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thready, resembpng white of egg dilute<f with water. It coagu- 
lated when boiled, and likewise when mixed with nitric acid or 
with alcohol. The first portion collected was acid^ the las1;por* 
tion alkaline, and was composed of, • 

Water, . * 91*28 

* Solid ifiatter, 8*72 

• * 100 * 

The solid matter consisted of osmazome, of a peculiar animal 
matter, colourfid red by chlorine, and discoloured by a larger * 
quantity of that reagent, and of casein and^albumen. WVp this* 
solid matter was incinerated, it Idft carbonafb of soda and chlo¬ 
ride of sodium, with a trace of sulphate and phosphat^ of soda, 
and of carbonate and phosphate of lime. 

The analysis of the pancreatic juTce of the dog gave, * 

Substances soluble in alcohol, . 3*68 * 

Substances only soluble in watey, . 1*53 

Coagulated albumen, . . 3*55 •• 

Water, . . . .91*72 

- • 

100*48 

From this analysis it appears that ttie panc^^tic juice of the 
dog has no resemblance to saliva. The substance rendered red 
by a little chlorine was soluble in alcohol and not in water. It 
constitutes the peculiar and cliaracteristic constituent of pancrea¬ 
tic juice, and is therefore called pancreatin. 

The pancreatic juice of the sheep was simillr in appearance to 
that of the dog, but more watery, the solid matter in it amount¬ 
ing only to 3*65 per cent This liquid was found to contain. 
Matters soluble in alcohol, ^ . t'6\ 

Matters soluble in water only, ^ 0*28 

Coagulated albumen, , • . 2*24 

Water, .... 96*35 

100*38 

From the solid matter they extracted osmazome and casein, be¬ 
sides the coagulated albumen. Whether any pancreatin existed 
in it was doubtful. At any rate, the quantity was too ami^l l to 
be detected. 

The pancreatic juice of the horse was obtained from a horse 
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which just before its deffth had eaten a quantity *of oats. It had 
a yellowish colour, was transparent, but slightly opaline, mucila¬ 
ginous, and thready like white of egg. It slightly reddened tinc¬ 
ture of litmus^ coagulated by boiling, even after having been di¬ 
luted with water. It was therefore quite analogous to the pan¬ 
creatic juice of the sheep.* * 

From these experiments ^t follows that saliva and pancreatic 
juice are different in their properties. 

1. The solid matter in pancreatic juice of the dog is at least 
*'twice as great as that in saliva. 

2. Sf^liva contiuns mucus and salivin. Tf albumen or casein 
be present, the quadtily must be exceedingly minute ; but pan¬ 
creatic juice contains a great deal of rlbumen and casein, and no 
salivin or mucus. 

3. SaKvais usually slightly alkaline, but pancreatic juice con- 
taixft a little free acid. 

4. The saliva of the sheep and of smokers contains sulphocya- 
nic aci^s but there is no trace of it in the pancreatic juice of the 
same animal^ 

5. The presence of casein in pancreatic jmcc was inferred, be¬ 
cause this juice is not onl^ precipitated by acids but by metallic 
salts and the tinctu^ of nut-galls; but as albumen is precipitated 
by these reagents as well as casein, the evidence for the exist¬ 
ence of this last substance is not satisfactory. Should its presence 
be hereafter proved by experiment, it is not unlikely that its office 
may be to remove the pepsin from the chyme, which may be ne¬ 
cessary in order to^ts convertion into chyle. 


CHAPTER VI. 

t 

OF BlIE. 

* The bile is secreted by the liver, the largest of all the abdo¬ 
minal viscera, and it makes its way into the duodenum by the 
(Sictus dbmmums ctwledochus. In man, the ductus communis and 
the padcreatic duct usually enter the duodenum together, but in 
the dog the pancreatid duct is commonly a good way lower 
down than the biliary duct 

* Recherches sur la Digestion, i. 26. 
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The liver is applied with blood partly by the hectic artery 
partly by the vena portcRf which enters the liver at the great 
fossa, and brings to it the venous^blood sent back by the princi¬ 
pal abdominal viscera. The vena portm after entering the*liver 
subdivides into numerous branches like an artery, and there can 
be little doflbt that the bleod which *it supplies i^ employed ip 
the formation of Lile, while the use of;the blood which i^ sup¬ 
plied by the hepatic artery is to nourish the liver. That the liver 
is composed of globules like the other conglobate glands was first 
pointed out by* Malpighi. The best account of the structure of* 
this viscus has been given by Mr Kieman.* 

Thu hepatic ducts *can be traced along the^nals in tbe%&ures 
between the lobules and,into the lobules where the^^ form 
plexuses. The branches of the portal vein and the hej^tic arte¬ 
ries also enter th5 lobules. ihe venous branches formings plexus 
which communicates with the incipient radicles of the hepatic 
vein, and the arteries, which are very few and ininutc, are the 
nutrieflit vessels of the lobules. The branches of the ^^ry ra¬ 
mify freely upon the coats of the portal vrin and on the hepatic 
ducts, furnish materials for the nutrition of both, and to the lat¬ 
ter for the secretion of mucus, which lubricates their interior 
coat 

Each lobule fif the liver is found to consist of a reticulated 
plexus formed by the minute radicles of the biliary ducts. For 
these, when examined with a highly magnifying power, arc seen 
to divide and subdivide so as to form a mesh in its interior, which 
is supported by a cellular tissue, furnished by* Glisson^s capsule. 
Upon this mesh is disposed another formed by the termimfi 
branches of the vena portes. It is difficult to inject the ducts, 
owing to their being filled ivith bile. Mr Kieman*succeeded by 
first tying the portal vein and hepatic arlei^ in a living animal 
after feeding it. Thus the secretion of bile was suspended, ^d 
that which the ducts contained discharged. The ducts cannot 
be injected directly from the hepatic vein; for no branches froim 
this vessel ramify on their coats. The residue of the blood con¬ 
veyed by the hepatic artery to the lobules, to the difierent veS^ 
sels and to the ducts for their nutrition, is taken up by the mi¬ 
nute veins, and conveyed to the vena portae; so that part of the 
blood from which bile is secreted is derived from the liver itselff 

• Phil. Trans. 1833, p. 711. 

t See Quain’s Anatomy, p. 650, and Kternan's paper, as tj^uoted above. 
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Bile, after being secKsted in these lobules of ^the liver, is con¬ 
veyed by the sm^l ducts to larger and larger ^ducts, till they 
at last unite in one duct called the ductus hepaticus. In many 
animals there^is*a cavity placed on the liver called the ffall~blad-~ 
der, intd which the bile makes its way from the hepatic duct, 
^l^hen not wanted for digestion. The duct by which it enters is 
called the ductus cisticus^ It joins the hepatic duct before it en¬ 
ters the duodenum, and both together form one common duct 
called the ductus communis choledochus, 

From the large size of the liver and of tlie biliary ducts, the quan- 
tity of bile thrown into the duodenum -joiust be considerable; 
though it has not been in the power of physiologists to form any 
aegurq^ estimate of it. According {x> Leurct and Lessaigne,* 
the bile dscreted by the liver of the horse amounts to two ounces 
in a quarter of an hour. This would make the enormous quan- 
tity.of twelve pounds a-day. But as the horse has no gall-blad¬ 
der, it is probable that bile is only secreted, or at least given out 
by the liyer, when that organ is excited by the stimulus ofthynie 
in the small intestine^ 

Gre^t att^tion has always been paid to this secretion by me¬ 
dical men. The ancients ascribed a number of diseases and even 
affections of the mind to its agency. Various observations on it 
were made by Boyle, Boerhaave, Varheyen, Ramsay, and Baglivi. 

The first attempt to examine it seems to have been made by 
Neumann.t He describes the characters of ox-bile, and says, that 
it is neither acid, noi alkaline, nor soapy. It is coagulated by 
adds, and slightly'precipitated by carbonate of potash. Ammo- 
fiia occadons no alteration. Rectified spirits scarcely make it 
cloudy. He subjected it to distillation, and noticed some of the 
products^ viz.' water, ammonia, and oil. The residue contained 
a fixed alkalL 

Cadet in his analyds of bile,t published in 1767, added some 
new facts. Alcohol throws down a substance from bile, which 
he considered as gelatin* He shewed that the alkali in bile is 
soda. 

^ Van*Bochoute, Professor at Louvain, wrote in 1778 a Latin 
dissertation containing important observations respecting the na- 

c 

" Recherchea Physiologiquea et Chimigues pour servir a Vhiatoire de la digest 
tion* p. 83. 

f I quote from Lewia’s tranalation, p. 566. Thia translation was published 
in 1750, and contains much original matter. 

I Mem. Paris,'for 1767, p. 471. 
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tore of this liquor| the oily matter, and thb means of separating 
* all the materials^ which constitute it.* 

Thenard made an analysis of ox-bile, which was published in 
1805.t According to this analyeds, the constituente of ox-bile 
are as follows: * 


Water, .• 

700-0 • 

Picromel and resin, ^ .• 

84-3 

Yellow matter, • . 

4*5 

Soda, 

4-0 

Phosphate of soda, , 

2-0 

CommonKa.lt, 

. 3-2 

Sulphate of soda, * 

0-8 

Phosphate ofrlime. 

1-2 

Oxide of iroi^ trace. 

• 

800-0 


According to Tiieiiard, the picromel constitutes the es^ntial 
constituent of bile, lie obtained it by precipitating bile by^means 
of acetate of lead. The lead was separated from tbp picromel 
by sulphuretted hydrogen ; or it may be precipitated from bile 
by sulphuric acid. The green precipitate thus obtained was for¬ 
merly called rc»n of bile. Wlicn it is digested in water over 
carbonate of baryf^, the picromel dissolves in the water in pro¬ 
portion as the sulphuric acid is separated by the barytes. Pi¬ 
cromel thus obtained has a greenish-yellow colour, a bitter taste, 
and resembles inspissated bile in its appearance. 

The yellow matter is the substance to which Van Bochoutc ^ 
gave the name of fibrin, and which was considered by others as 
albumen. It is probably mucus. 

In his second memoir, Thenard takes a.view of tile nature of 
the bile in different animals, and on the formation of biliary cal- 
• culi. He states the constituente of human bile to be: * 


Water, 

91- 

Insoluble yellow matter. 

0-18 to 0-91 

Albumen, 

3.81 

Resin, 

3-74 

Soda, . . 

0-51 

Salts,^ . . 

0-41 


99-65 


* Fourcroy’s Sfftlem, x. 26. f Mem. d’Arcueil, i. 23 46. 

t^The salts were phosphate, sulphate, muriate of soda; phosphate of lime, 
oxide of iron. 
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Berzelius analyzed ^ile in 1808, and gave the result in the se> 
cond volume of Us Atdmul Chemistry* According to this ana* 
lys^ the constituents of the bile are as follows: 


Water, , 

908*4 

Biliary matter, “ 

80*0 

Albumen, 

3*0 

Soda, 

4*1 

Phosphate of lime, * 

0*1 

Common salt. 

3*4 

Phosphates of soda and lime. 

. 1*0 


- . lOOO-Ot 

He afterwards made some corrections on his analysis, and in 
his Tralte de Chimie, (vii. 189), gives the constituents of bile as 
follows: •' 

Water, .... 904*4 

Biliary matter, (including fat), . . 80*0 

Mucus.of gall-bladder, . '. . 3*0 

Extract of meat, common salt, and lactate of soda, . 7*4 

Soda.^ . • » . 4*1 

Phosphates of soda and lime, trace of substance insoluble ^ ^ 

in alcohol, ... i 


1000*0 

0 

It is obvious that the biliary matter of Berzelius and the pi- 
cromel of Thenard constitute one and the same substance. 

Dr Prout analyzed the bile in the same way as Berzelius, and 
' obtained itimilar results. 

Tiedemann and Ghnelin published their work on digestion in 
1825. They made a great many experiments on ox-bile, and 
likewise on tiie bile of other animrls. From ox-bile they extract- 
eil no fewer than twenty-three dltibrent substances, which they 
distinguished by the following names: 

^ 1. An odorous principle. 

2. Cholesterin or biliary tallow. 

3. Biliary- resin. 

4. * Biliary asparagin or taurin. 

5. PicromeL 

* murkemie, it 48. 

i Berzelius does not mention the animal whose bile this is an analysis of. I 
presume it was ox-bile. 
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6. Colouring ij^tter. • 

7. A substan«e containing much azote, slightly soluble in wa¬ 
ter ; insoluble in cold, but soluble in hot alcohol. ^ 

8. Gliadin? insoluble in water, but soluble^in hot alcohol. 

9. Osmazome ? soluble in water aild alcohol, precipitated by 

infusion of nut-galjs. • • ^ • 

10. A substance emitting when h^ted a urinous smell. 

11. Casein. ’ * , 

12. Mucus. 

13. Bicarbonate of ammonia. 

14 to 20. Margarittl*, oleatc, acetate, oholate, bicarbpqate, • 
phosphate, and sulphate of soda, (frith some {Ibtash). 

21. Common salt. • • 

22. Phosphate of lime. • 

23. Water, amounting to 91*51 |ifer cent.* * 

There can be no doubt that the taurin of Gmelin was formSd 

from the biliary matter of Berzelius during t^e processes to which 
it was subjected. •• 

Bile is a liquid of a greenish-yellow colour. Its t^ste is very 
bitter, but at the same time sweetish, having some resemblance 

• to the taste of liquorice sugar. Its smell is weak, but peculiar 
and disagreeable. It does not alter the colour qf vegetable blues. 
Its consistence varies very much; sometimes it is a thin mucilage, 
sometimes very viscid and glutinous. Sometimes it is transpa¬ 
rent, and sometimes it contains a yellow matter, which predpi- 

, tates when the bile is diluted with water. 

Its specific gravity varies, as is the case with*all animal fluids. 
According to Hartmann it is 1*027 ;t according to Thenard 1 *026 
at the temperature of 43**. Berzelius states the mean specific 
gravity at 1*025.:^ When strongly agitatpd it lathers like soap. 

It mixes with water in any proportion, and assumes a yellow co- 

* lour* But it refuses to unite wkh oiJi. Yet it dissolves soap retf^ 
dily, and is often employed to free cloth from greasy spots. 
When distilled to dryness, it becomes at first slightly muddy; * 
then it froths violently, and a colourless liquor passes into the^ 
receiver, having a smell similar to that of bile, and slightly pre¬ 
cipitated by diacetate of lead. The residue in the retort when 

• ^ 

* Rechercbes, &c. i. 42. t Haller's Physiol, vi. 546. 

t Djurkemie, ii. 45. 

4 
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well dried amounts t& one*eighth or one-ninth of the original 
quantity of bile. 

Qx-bile has been long used as a substitute for soap to remove 
stains from rarpets, woollen cloths, &c. On that account it was 
considered by the iatro-chemists as a soap or a compound of an 
(animal oil and an alkali. The alkali was ascertained to be soda; 
and this soda was, of course, united to an oily acid, which con¬ 
verted it into soap. This view was considered as overturned by 
the experiments of Thenard. Berzelius’s analysis was not incom - 
patible with the soapy nature of bile; though he does not appear 
to have considered the liquid in that point of view. 

It was shown by M. Demar 9 ay in 1838 that the old opinion 
of the soapy nature of bile, supported by Cadet, is, after all that 
has beeh said to the contrary, the true one. He has proved that 
the essential constituents of bile are soda, and an oily acid com¬ 
bined with the soda, which he has distinguished by the name of 
choleic acid,* and of which an account has been given in a pre¬ 
vious part of this volume.f 

We pos^sss but little information respecting the bile of birds. 
Tiedemann and Gmelin found it very different in different species, 
and even in those of the same species. Sometimes it was greenish- 
blue, sometimes emerald green, and sometimes verdigris green. 
In fowls and ducks it was so glutinous, that it could be drawn 
into long threads, and it contained mucous clots. They even 
made an analysis of the bile of a duck. They found the salts 
the same as in ox-bile; and it is probable, from their experi¬ 
ment^ that it consists essentially of choleate of soda, though no 
experiments are stated from which the properties of the choleic 
acid can be determined.^ 

Accordidg to Tiedemann and Gmelin, the bile contained in 
the gall-bladder of4he Jtana temporaria amounted to only a few 
^rops. It was yellowish-green, transparent, and very liquid.- Its 
taste was sweetish and much less bitter than the bile of hshes. 
When mixed with solution of potash, it becomes muddy, and 
yellow flocks precipitate. 

t 

* ^nn. de Chim. ct de Phys. Ixvii. 177. 

t It is not unlikely that, besides choleic add, bile may contain some other oily 
acid. At least, Demar 9 ay made no attempt to determine whether some other 
acid was not present. 

t Recherches sur la Digestion, ii. 150. 



CHYLE. 


413 


The gall-bladder of the Colidter na^rtr^ccording h? the same 
'chemists, contained a gramme (15*433 grains) of bile, which 
was grass-green, transparent, and very liquid. 

Berzelius made some experiments upon the bile df the Python 
amethystinuSi a snake from Bengal, which died accidenthlly at 
Stockholm.* • It had a deejvgreen colour passing,into yellow.* 
When partially evaporated, it left a trajq^parent mass having the 
same colour, soft, but very viscidi and completely soluble in 
water. He found it to contain biliary matter, doubtless chole- 
ates of potash and soda, colouring matter, a substance capable of * 
crystallizing, a substange analogous to saHvin, albumen^ fatty, 
acids, and certain salt'!. • • 

Tiedemann and Gmelin apalyzed the bile of several iishq^ but 
the facts ascertained do not seem of sufficient importanie to be 
detailed. • • • 


CHAPTER VH'. 

OF CHYLE. 

Owing to the small size of the lacteals, and the consequent 
difficulty of collecting their contents in any quantity, the proper¬ 
ties of chylef as it is when just absorbed from the intestines, are 
but imperfectly known. In the mammalia it is opaque and white 
as milk; in birds and fishes it is nearly transparent and colour- 
* less. • 

MM. Emmert and Reuss, about the year 1808, made a set of* 
experiments on the chyle of the horse, which was published in 1811 
in the Annales de Chimie (Ixxx. 81.) They collected the chyle 
from different parts of the thorapic duct The chyle in the lacteal * 

• was white like milk, while that in the thoracic duct was of a pal^ 
yellow colour. It had the consisteftee of scrum of blood, a sa¬ 
line taste, and a peculiar smell. It assumed a pink colour on ex- • 
posure to the air, resembling a mixture of milk with some drops 
of blood. It coagulated when exposed to the air, but slowly and* 
imperfectly. We see, from these observations, imperfect as they 
are, that chyle has condderable resemblance to blood. It coa¬ 
gulates spontaneously like blood, and therefore contains a sub- 

* Poggendorfs Annalen, xviii. 87. 
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stance analogous to the globules of blood, though not red. The 
uncoagulated portion coagulated by heat, and therefore contcun- 
ed albumen. 

> d!he chylcf from the sublumbar branches of the thoracic duct 
of hon^ was examined likewise by Smmert and Reuss, and also 
(by Vauquelin.* It was white and. opaque like milk, and con¬ 
tained a white and opaoue coagulum. The liquid portion was 
coagulated by heat, by acidi^*and by alcohol; and therefore con¬ 
tained'' albumen. There was also an alkali in it, as it restored 
the blue colour of litmus-paper reddened by an acid. Hot alco¬ 
hol discolyed a fatty matter from the coagulum. The portion 
which'coagulated spontaneously contained characters analogous 
to thqse of^rin. 

Dr Marcet and Dr Front examined, in 1615, the chyle of two 
dogs, one of which had beesi fed entirely on vegetable food, the 
other on animal foodf 

Dr Marcet described the chyle of the dog fed on vegetable 
food ib the following "terms: Soon after being collected it was 
a semitransparent, inodorous, colourless fluid, having but a very 
slight milky hue, like whey diluted with water. Within this 
fluid tSiere was a coagulum or globular matter, which was also 
transparent and nearly colourless, having the appearance and 
consistence of albumen ovi, or of those gelatinized transparent 
clots of albuminous matter, which are sometimes secreted by in¬ 
flamed surfaces. This mass had a faint pink hue, and minute red¬ 
dish filaments were observed upon its surface. It did not, as Dr 
Front ascertained^ aflect litmus or turmeric paper, nor did it 
''coagulate milk. The coagulum,^when separated from the serum, 
parted readily with its serosity or fluid portion, and was at lengtli 
reduced to a very small size. The specific gravity varied from 
^*0215 to 1*022. Thb portion of solid matter including salts 
Vj^ed in different ^ecimens of chyle from 4*8 to 7*8 per cent. 

Both Dr Marcet and Dr‘ Front found the chyle of the dog 
fed on animal food agreeing with that of the dog fed on vege¬ 
table food, except that, instead of being n^ly transparent and 
Cloudless, it was white and opaque like cream. The coagulum 
was Alan white and opaque, and had a more distinct pink hue, 
with an appearance net unlike that of very minute bloc^-vcssels. 
The coagulum gradually yielded &rther quantities of serous fluid, 

* Ann. de Chim. ]x»d. 118. f Annnlsof Philosophy, xiii. 12. 
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till nothing remained but a small quantity of puljiy opaque 
'substance, in app^ance somewhat similar to thick cream; and 
contmning minum globules, besides the red particles already no¬ 
ticed. The residue of the coagulum became quite putrid* in 
the course of three days, while that «obtaine^ from y^etable 
chyle in a sdiailar manner had not yet begun to qndergo that« 
process. Dr Prouf analyzed these two specimens of chylei, Imd 
obtained the following results: • * 



Vegetable food. 

Aiiimifl food. 

Water, » 

93*6 

89*2 

Fibrin, . ^ 

0-6 

0*8 

Incipient albumeh ? 

. . 4*^. 

4’7" 

Albumen with red colouring matter, 0*4 

4-6 

Sugar of milk ? 

trace. 

• 

1 — 

Oily matter, • 

• trace. 

trace. 

Salts, 

0-8 

0-7 • 

• 

10(J-0 

lO^-O 


Nearly the same modes of operating were adopted in tlie ana 
lysis of both specimens. • 

The water was determined by evaporating a given weight of 
chyle upon the water-bath. 

The coagulum was repeatedly washed with "cold water till it 
ceased to give any thing to that liquid. The residue was cond- 
dered d&^brin. The only peculiarity in this substance was that it 
dissolved with greater difficulty in acetic acid than fibrin from 
blood. • 

To the serous portion dilute acetic acid was added, and the* 
mixture was raised to the boiling point A precipitate fell, which 
was also thrown down by corrosive sublimate. It was not albu¬ 
men nor casein. This is the^substance ftdled in the preceding 
, table incipient albumen. * 

After the preceding substance had been removed by filtration, 
prussiate of potash was added to the acetic solution. A predpi- • 
tate fell, which was considered as albumen. 

Dr Prout ascertained that the albumen in chyle coagulated 
wheh heated to 149*’, which is ten degrees lower than the coagu¬ 
lating point of the albumen in the blood. • 

Leuret and Lassaigne examined the chyle from a variety of 
animals, chiefly dogs and horses. They assure us that, whatever 
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the natui^ of the food was, the constituents of the chyle were al¬ 
ways the same. They constantly obtained’ fibrin, albumen, 
fatty matter, soda, common salt, and phosphate of lime; though 
the**proportions of these constituents vary much according to cir¬ 
cumstances.* « 


Dr G. O. Rees subjected the chyle from the lactedls of a young 
ass, iaken out immediately after death, to analysis and obtained. 

Water, • 

;902*37 

Albuminous matter. 

35-16 

Fibrin, 

3*7© 

u Alcoholic extractive. 

3-32 

Aq^ieous extractive. 

’12-33 

Fatty matter, 

36-01 

a Salts, 

7-11 


1000-00 


The salts were alkaline chloride, sulphate and carbonate, tra¬ 
ces of phosphate; oxi^e of iron. The oxide of iron was found 
in considerable quantity in the aqueous extractive matter.! 


CHAPTER Vlir. . 

OF LYMPH. 

The lymph is conveyed from all the cavities of the body by a 
*set of vessels called lymphatics, discovered by Olaus Rudbeck, 
in the year 1651. The discovery was also claimed by Thomas 
Bartholin. But it is now universally admitted that Rudbeck 
had the priority. These vessels, called also absorbents, are trans¬ 
parent, and their coats are very thin. They arc very small, and 
^ not increase in size by the conflux of branches. Appended 
^to them are a number of nodular bodies called glands or gan¬ 
glions, These bodies in the extremities are usually found at the 
flexures of joints; but in the cavities they are variously disposed. 
Wh^Q the vessels arrive at these glands, they become intimate¬ 
ly connected with them, and seem to ramify through their interior. 
It would be difiBiCult to convey an accurate idea of the course 

Recberches, &c. p. 158. f Phil. Mag. (3d series,) xviii. 156. 
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which these vessels take hrom the extremitkss to the thofacic duct 
in which they terminate. But excellent plates of them were 
published by Mak:agni in 1790, to which the reader is referred 
for a collect idea of their course. • 

These vessels convey away a liquor which is exhaled fi^m all 
the serous membranes of the* body, in ’order to luljricate these , 
surfaces, and keep fliem in a state proper for performing tlleir 
respective functions in the living body. What the amount of 
this liquid is we have no means of determining, but it is convey¬ 
ed by the lympliatics from all the cavities where it is generated 
and conducted by them Jo the thoracic duct, where it is mixed 
with the chyle and conf eyed along with it into Ihe blood. ^Ken 
the quantity of lymph secreted exceeds that carried off by^ the 
lympliatics it accumulates in these cavities, and produdes the 
disense called drop*}*. * • • 

According to M. Collard de Martigny, lymph scarcely flows 
into the thoracic duct during the process of digestion, but it 
does when that process is at an end. The flow increases ajjd the 
vessels become turgid by fasting; but when abstinence is conti¬ 
nued till death ensues, the lympliatics are destitute of l^ph.* 
Reuss and Emmertf examined the lymph of a horse in 1^99. 

It was transparent, and had a pale-yellow colour, with a slight 
tint of green. When examined by a powerful‘microscope, no 
globules nor any other substance of a determinate form could be 
distinguished in it. It was a liquid apparently homogeneous, 
without smell, but having a slight taste similar to that of the se- 
Tum of blood. In about a quarter of an hour after it was taken 
out of the vessels, it coagulated into a colourless jelly, which 
gradually contracted and swam in a yellowish liquid. This coa- 
gulum was considered as similar to the fibrin of blood :• 92 grains 
of lymph yielded one grain of fjbrin, weiglled while moist; so 
that the quantity of dry fibrin in lymph cannot amount to y^^th ^ 
part The residual serum being evapbrated to dryness left 3*25 
per cent of dry residue, consisting principally of albumen, which 
remained undissolved when the dry residue was washed with 
water. When this water was evaporated crystals of common«alt 
were deposited. 

liymph from the neck of a horse was examined by Lassaigne 

• Jouni. de Physiologic, viii. 174. f Scherer’s Journ. v, 691, 

I)d 
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in 1825.* It was trapsparent, yellowish, without smell, and had 
a saline taste. It coagulated spontaneously both in vacuo and 
when exposed to the air. The coagulum was colourless fibrin. 
Lassaigne states the constituents of lymph to be, 

• Water, * . 925*00 

Fibrin, . * , • . . • 3*30 

• Albumen, • . . .* 57*36 

Common salt, chloVidc of potassium, 1 14*34 

Soda, phosphate of lime, . j 


100*00 

This analysis, though imperfect, shows a* close resemblance be- 
twegn lymph and chyle. ^ 

Mrffirande in 1812 made a few observations on the lymph 
taken from the thoracic duct of animals thaf had been kept for 
twenty-four hours without foodf It was miscible with water in 
every proportion, did not alter vegetable colours; it was neither 
coa^ated by heat,* nor acids, nor •alcohol, but it was rendered 
slightly turbid by the last reagent When evaporated to dry¬ 
ness it leaves a very small residue, which changes violet-paper to 
green. The ashes contained a minute portion of common salt, 
but no iron. 

Mr Brande does not inform us from what animal this lymph 
had bj^ obtained. It differed in its characters from the lymph 
examined by Keuss and Emmert, and by Lassaigne. 

In the winter of 1831-2, Professor Muller of Bonn liad an 
opportunity of examining pure lymph. It issued from a smalf 
wound in the back part of the foot of a young man. This wound 
would not heal. When the back of the great toe behind the 
wound was pressed, a quantity of clear liquid issued out, some¬ 
times in a jet. Thi& liquid wa| lymph. In about ten minutes 
^ it deposited a coagulum of fibrin in a form resembling a spider]s 
web. The lymph, though clear and transparent, yet, when ex¬ 
amined by the microscope, was found to contain numerous 
colourless globules. They were smaller, and not so numerous as 
the, globules in the blood. Some of these globules united with 
the coagulum; but the greatest part remained suspended in the 
liquid porfion. • 

* See Berzelius’s Trait4 de Cbiinie, vii. 128. f Phil. Trans. 1812, p. 96. 
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The coagulum did not consist of globuki^ as is the*case with 
'the crassamentu^*of the blood. It had originally been in solu¬ 
tion in the liquid, while the globules were suspended in it. The 
globules separated and contained in the coagulum nfight be seen 
scattered through it, and these were much smaller tlian the glo¬ 
bules that still remained in suspension in the liquid. 

Professor Muller gives a method of/obtaining pure lymph 
from the frog. When the skin is removed from the thigh of a 
large frog, and the muscles laid bare without wounding any 
large blood-vesSel, a clear, colourless, salt-tasted lymph flows 
out. It contains of iibrin. If the fro^ has fasted lepg no 
lymph can be got by ^liis process. • The globules in the lymph 
of the frog are exceedingly; small. Lymph in the lympba-tic 
vessels is commonly colourle^, in those of the spleen it is Veddish. 
We know little alfout the motion of the lymph. Muller describes 
an organ which he considers as connected with that motion,* • 
A quantity of lymph from a wound after the removal of the 
foot was collechsd and examined by MM. Marchand a^^ Col- 
bcrg.t About 1^ gramme was collected in twelve hours. Its spe¬ 
cific gravity was 1*037. It gradually deposited a tliin vjpb of 
, fibrin, amounting to about half a per cent, of tlie lymph. The 
opalescent liquid above it had a yellow colour, and the consist¬ 
ence of almond o!l. Its constituents, as determined by these 
Chemists were. 

Water, , . 96*926 

Fibrin, . . 0*520 

Albumen, . 0*434 

Osmazome and los^ . 0*312 

Fat oil, 

Crystalline fat, J 
Chloride of sodium,* 

• Chloride of potassiuip. 

Carbonate and lactate of potash. 

Sulphate of lime, . 

Phosphate of lime. 

Oxide of iron, 

• 100*000 

* Poggendorrs Ann. xxv. 5] 3. t ^hii. 625, 


0*264 


1*544 
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A quantity of lymph, taken from the absorbents of a young 
ass immediately after death, was analyzed by,Dr G. O. Rees*' 
He states its constituents to be, 


ly^ater. 

965*36 

Albuminous matter. 

. 12*00 

Fibrin, ' 

1*20 

Alcoholic extractive. 

2*40 

Aqueous exti active. 

1319 

Fatty matter, a trace. 


Salts, 

'5*85 

• t 

1000*00 


The salts were alkaline chloride sulphate, carbonate; traces 
of a plfosphate; oxide of iron.* 

As'the liquid which collects in the cavities of the body during 
dropsy is undoubtedly of a similar nature with lymph, being the 
liquid which the lymphatics in ordinary health absorb, though 
probably from the increased quantify it is more diluted with wa¬ 
ter, some^ light may perhaps be thrown upon the nature of 
lymph by stating the constituents of the liquor of dropsy as they 
have been determined by chemical analysis. 

1. JJquor of Misters ,—^This liquid is transj)arent and colour- 
l<»s when the blisters are natural. When they are raised arti- 
£cially by the application of cantharides, the liquor has a yel¬ 
lowish colour, and the smell of the blistering plaster. By Mar- 
gueron^s analysis, it is analogous to scrum of blood, consisting 
of. 


Water, . 78 

Albumen, . 18 

Common salt, . 2 

parbonate of soda, 1 

Phosphate of ^da, 1 


100-t 

2. lAquor of hydrocephalus iniemus ,—This liquid, wliich was 
limpid and colourless, was analyzed by M. Ba^uel, who ob¬ 
tained. 


« 


Phil. Mag. (3d series,) xviii. 156. 


t Ann. de Chim. xiv. 225. 
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^Water, 

d90'0 

Albumen, 

1*5 

Osmazome, 

0-5 

Common salt, 

6*4 

Phosphate of soda, 

• 0*5 

Qarbonate'of soda. 

1*0 

■ 

• 

1000-0'* 


3. Guttural gau^lvms of tJte horse .—The liquid in these gan¬ 
glions was examined by Lassaigne^f and found to contain, 

!E]jbfin, a great deal. , ^ 

Coagulated albumen, a little. 
Solubleaalbumen. • 

^ Traces jof fatty matter. * 

Phosphate and Carbonate of lime. * 

It was observed by M. Gaspard, that when men were obligdd, 
from want of proper food, to feed on grass §ind green herbs, ana¬ 
sarca was the consequcnce.| •• 

4. IJquor of the jjcncard/MW.—This liquor, obtain^^d from the 
pericardium of a boy who died suddenly, was examined ^y Dr 
Bostock.§ It had the colour and appearance of the serum of 
blood. Wlien evaporated to dryness it left a Residuum amount¬ 
ing to j^gth of its weight When exposed to the heat of boiling 
water it became opaque and thready. It was abundantly pre¬ 
cipitated by corrosive sublimate before boiling, but after boiling 
and filtering it was not afiected by this reagent Hence it evi¬ 
dently contained albumen. It yielded, * 


Water, 

92*0 

Albumen, 

5*5 

Mucus, 

2;0 

Common ^It, 

0-5 


100*0 


5. Liquor from spina bifida .—This liquid also was examined * 
by Dr Bostock.]! It was slightly opaque, and did not alter ve-^ 
getable blues. Heat increased its opacity, but did not coagulate 
it It contained, 

* Jour, dc Physiol, i. 98. 

t Ibid. p. 287. 

II Nicholson's Jour. xiv. 145. 


t Ibid. p. 391 

§ Nicholson's Journal, xiv. 147. 
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Water, . 

97*8 

Common salt. 

1*0 

Albumen, 

. 0*5 

Mueps, 

0*5 

Gelatin? 

0*2 

Lime, trace. 

4 

*• 100*0 


0*2 } proportions conjectural. 


6. Liquor of ascites .—This liquid obtained in the usual way 
by tapping was examined by M. Dulong Junr.* It was clear 
and Vmpid; liad the consistence of whltf, of egg, and frothed 
when agitated. It restored the blue colour of reddened litmus- 
paper. Potash and soda occasioned a slight smell of ammonia. 
Heat and alcohol coagulated it completely. Its constituents 


were, 

V 


Water, . 70’38 

Albumen, . 29*00 

Common salt, . 0*28 

Soda, . 0*14 

Gelatin or altered albumen, 0*20 
Ammonia, trace. 


100*00 

This liquid contained more albumen than the serum of blood. 
Probably it was contained in a cyst, and a portion of its water had 
been withdrawn by the absorbents. 

7. Another liquid of ascites ,—This liquid, which exhibited some 
remarkable characters, was examined by M. Coldefy-Dorly, 
apothecary at Cressy.f 

It was brown, very viscid, without smell and tasteless; did not 
alter vegetable blurs. It held in^suspension a great number of 
biilliant crystals, which the visco;aty of the liquid prevented from 
subsiding. When heated it coagulated. Sulphuric, muriatic, 
and especially nitric acid caused a copious precipitate. Alkalies 
, increased the intensity of the colour, and rendered the liquor 
more Kuid ; but did not disengage any ammonia. From 100 
parts of it subjected to analysisi, the following constituents were 
obtained: 


Jour, de Pharmacie, xi. 140. 


I Ibid. p. 401. 
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Albumen, . ^ 4*80 

^ommon salt, . 0*52 

Chloride of calcium, 0*04 

Uncrystallizable sugar, 0*24 

Fatty matter, . • or*20 

Mucus, • . * 0*24 


• • 6-04 

Besides traces of sulphur, muriatic acid, and a colouring matter 
intimately unitM to albumen. 

8. Another liquor oj^ ascites *—This liquor was extracted by^ 
tapping for the tliird fime the abdomen of a female fourteen *days 
before her death. It was ejpamined by M. Marchand.* ^ 

It was a yellow-coloured liquid, transparent, without smell, 
and having a we^ salt taste. Its oonstituents were, • 


Water, 

95-22 

Albumen, 

2-38 

Urea, ! 

• .42 

Carbonate of soda. 

0-21 

Phosphate of soda. 

0-06 

Common salt. 

0-82 

Mucus and loss. 

0*89 

Shlphate of soda, trace. 

• 


100-00 


9. Liquor from the vertebral column of a horse ,—This liquid 
was analyzed by Lassaigne, who states its constituents to be. 


Water, 

98*180 

Osmazome, 

1*104 

Albumen, 

0*035 

Common salt* 

0-610 

Carbonate of ^da. 

0*060 

Phosphate of lime, * 

0009 

Carbonate of lime, trace. 



99*998t 


These analyses are, of course, imperfect They show a cer¬ 
tain analogy between these liquids and ^rum of blood; but it 


« 


Poggendorfs Annalen, xxxviii. 356. 


t Jour, de Physiologic, vii. 82. 
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follows from them that mot merely the ratios, but the constituents 
themselves had been altered by disease. , 


CHAPTER IX. 

* 

OF MILK. 

% 

Milk is a fluid secreted by the female of all the animals be- 
' longing to the class of Mammalia, and intended evidently for 
. the no,\irishment of l^er offspring, « 

The milk of every animal possesses certain distinctive peculia¬ 
rities,, but the milk wliich, from t'me immemorial, has been 
chiefly uaed by man as an article of food is tliat of the cmo. It 
will be‘proper, on that accoMit, to give, in the'first place, an ac¬ 
count of that milk. We may afterwards point out the charac¬ 
teristic distinctions between it and that of other animals. 

We Jiave only to open the Old Tel$tament or the writings of 
Homer, to be satisfied at how early a period the milk of the cow 
was u^d as an article of food. Herodotus informs us that the 
common drink of the Scythians in his time was the milk of mares.* 
It appears from the same passage of Herodotus that the Scythians 
were acquainted with the mode of making buttfer. And Hippo¬ 
crates, whose era was not much later than that of Herodotus, 
describes their process veiy clearly; ** The Scythians,” says he, 
** pour the milk of their marcs into wooden vessels, and shake it 
violently. This c&uses it to foam, and the fat part, which is light, 
Arising to the surface, becomes what is called butter (sou7u^ov). 
The heavy or thick part, wlucb is below, being kneaded and pro¬ 
perly prepared, is, after it has been dried, known by the name of 
hippace (iiriraxij). The whey, or serum, remains in the middle.! 
Hippocrates, as appears from this^passage, was acquainted with 
butter. He gives it in his writings the name of picAeriow (t/xs- 
* giov). This seems to have been the old Gh'eek name, for butter. 
But it went out of use, and the term ^ourvgov came in its place. 
^ There is no evidence that butter was known to the ancient 
Hebrews. What is translated dutter in the Septuagint, and that 
translation has been adopted in our Bible, is admitted to have 

meant cream, and not butter. It was known to the Greeks soon 

« 

* Mel|>omviiC| cap. 2. ‘ f Dc Morbis, lib. iv. p 67. Edit. 1595.* 

3 
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after the time of Hippocrates^ hut that j^ople do not seem to 
have used it as |in article of food. It is obvious, from what Pliny 
says, that even in his time butter was but little used by the .Ro¬ 
mans. “ It is surprising,” says he, ** that the,l)ar%.rous nations 
which live upon milk should for so ntany ages have been igno¬ 
rant of or Have despised cheese, thickening their*milk into an 
unpleasant acid matter and into fat bufter.* Cheese seems to 
have been known to the Greeks and Romans at an early period, 
and to have been used by them as an article of food. It is cu¬ 
rious that Arifthtle never alludes to butter in any of his writings, * 
though he is very partisfular in his account .of cheese. ^ • 

Boerhaave considered milk as ar natural entuMon, consisting of 
an oil intimately mixed with a mucilaginous substance.!- •Neu¬ 
mann considered it as analogous to chyle. He found tli^t a pint 
of cow’s milk when evaporated to dryness left two ounces and two 
drachms of residue; but he found the milk of the same cow*to 
yield various proportions of dry residue at different times. He 
gives a pretty minute description of butter, cheese, sugar <9^ milk, 
and whey, but takes no notice of the saline contents of that li¬ 
quid, except that after combustion it leaves an alkaline ash4 

M. Rouelle made a careful examination of the saline constitu¬ 
ents of milk in 1772, but lie obtained nothing but sugar of milk, 
chloride of potassibrn, and a very minute quantity of carbonate 
of potash. His results were published in the Journal de Mede- 
cine for 1773.§ 

In 1790, an elaborate memoir, by Parmentier and Deyeux, on 
the Physical and Chemical properties of the Milk of Woman, Cow, 
Goat, Ass, Sheep, and Mare, was published. To the authors of this* 
memoir was awarded the prize offered by the Royal Medical So¬ 
ciety of Paris for the best essay on the above subject In this 
paper we find the first attempt#at a chemical .analysis of milk. It 
was necessarily imperfect, but jjb contained a great many import¬ 
ant observations, which facilitated the labours of other chemists. || 

In the year 1804, Bouillon-Lagrange published a memoir on * 

milk and lactic acidScheele had long before (in 1780) made 

• 

* Plinii, Natur. Hist. lib. xi. cap. 41. 

■f Boerhaave’s Chemistry, ii. 62, Shaw’s translatimi. 

I Neumann’s Chemistry, p. 569. 

§ See Macquer's Dictionnaire de Chimie, Art. Lait. 

II See Jouni. de Phyti. xxxvii. 361 and 415. | Ann. de Chim. 1. 272. 
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experiments on lactic ainid, and pointed out its peculiar nature.* 
He had also made experiments on curd, and polluted out its ana¬ 
logy, to albumen. Bouillon-Lagrange made a pretty minute exar 
mination of fhe properties of curd, and endeavoured to prove 
that lactic acid is nothing 6l|e than acetic acid mixed with chlo- 
fide of potassium, a little iron, and an animal matter. 

About the year 1805,*.Thenard published a paper on mUky^ in 
which Jie shows that butter muy be separated from milk without 
the access of air. He pointed out a mode of purifying butter by 
* fusion, and noticed some of its properties. LiKe Bouillon-La- 
• grange lie considered lactic acid as merely acetic acid contami¬ 
nated by animal m^ter. Tb(? same opinion bad been advanced 
by Fourcroy and Vauquelin.$ * 

In 1808, Berzelius published the second volume of his Animal 
Chemistry. § He analyzed \:ow’s milk, and examined in detail 
th4 properties of butter, curd, and whey. The constituents of 
skimmed milk, accordmg to Bis analysis, are, 


Waterj- . , .* . 92-875 

Curd (not j^ee from butter), . . . 2-800 

Sugar, of milk, . . . 3*500 

Lactic acid and lactate of potash, . . 0-600 

Chloride of potassium, . . . 0-170 

Phosphate of potash, . . ‘ . 0-025 


Phosphate of lime and magnesia, with a trace of iron, 0-030 

100-000 

In 1830, an inferesting paper was published by Braconnot on 
caseirii or the curd of milk, and on the new resources which it 
opened to society. || He gives an account of the chemical pro¬ 
perties of caSein, and points out the various important uses to 
which it may be applied. Abou4 the same time M. Macaire- 
Brincep made some experiments Qn the formation of butter.f In 
1832, Lassaigne published a number of analyses of the milk of 
* the cow before and after parturition ;** and in 1836. M. Peligot 

gave a chemical analysis of the milk of the ass ;tt and in 1839 we 

* • 

* Scbeele's EB6a]rs, p. 265. f Nicholson’s Journ. xii. 218. 

t Mem. de I'lnstitut, vi, 332. § Djurkemie. ii. 409. 

II Ann. dc Chim. et de Phys. xliii. 337. 

^ Bibliotheque Univer. zliii. 379, or Poggendorfs Annalen, xix. 48. 

** Ann. de Chim. et de Phys. xeix. 31. ft Ibid. Ixii. 432. 
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have a historical account by Schill of tl^ fermentation of milk 
and the spirit t^al; may be extracted from it * A similar ac¬ 
count had been ^ven long before by Dr Guthrie.*!' ^ 

In 1^39) an analysis of milk was made by^M. Lecanu,^ ^ho 


got, 


Butter, • 

• 36 

Casein, 

;56 

Sugar of milMI 


Soluble salts, ^ 

40 

Extractive, J 


Water, 

• 

868 

• 

• 

• 

1000 


and during the same year an elaborate chemical memoiit on milk 
was published by MM, O, Henri and Chevalier, § and another 
by M, Simon, || • 

The constituents of cow’s milk in a normal state are, accord- 
ding to the analysis of tl^Sc chemists^ 


Casein, 

44*8 

Butter, 

31*3 

Sugar of milk, 

47-7 

Salts, 

6-0 

Water, 

870*2 * 


1000*0f 

These proportions vary with the food. The following table shows 
the variation when the cows were fed with cariots and with beet: 


Casein, 

Carrots. 

42*0 

Beet. 

37*5 

Butter, 

30*8 

27-5 

Sugar of milk, 53*0 

• 69'5 

Salts, 

7*5 

• 6-8 

Water, 

. • 866*7 

868-7 


1000*0 

1000*0** 


Milk, as every body knows, is an opaque white-coloured fluidf 

• Annalen der Pharmacie, xxxi. 152, 

I Jour, de Pharm. xxv. 201. 

II Ibid. p. 349. K Ibid, xxv, 340. 


f Edin. Trans. Vol. ii. 
§*Ibid. p. 333, 401. 

** Ibid. p. 342. 
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having a slight but p^puliar smell, and an agreeable sweetish 
taste. It slightly reddens vegetable blues. Its boiling and 
freeing points are nearly the same as those of water; yet they 
vary a few degree^ in the milk of different animals.* Its speci¬ 
fic gravity is greater than- that of water and less than that of 
blood; but it varies so much even in the milk from the same 
animal, that it is impos^ble to give a correct mean. Brissonf 


states the specific gravity of various 
Woman’s milk. 

milks 

as follows: 

• 

1 *02031 

Mare’s milk, . 

a 

1*0346 

Ass’s milk. 

• 

1*0355 

Goat’s^milk, . * . 

• 

1*0341 

« Sheep’s milk. 


1*0409 

Cow’s milk, . 

• 

1*0324 

Clarified whey of cow’s 

milk. 

1*0193 


Lassaigne examined the specific gravity of the milk at various 
distances before and after parturition, and states the results as 
follows r 


42 days before parturition, 

1*063 

32, ... 

1*062 

21, . 

1*064 

11, . . . 

1*040 

Just after parturition. 

1*039 

4 days after, . 

1*035 

6, . . . 

1*033 

20, ... 

1*040 

21, . 

1*037 

30, ... 

10*38 


The temperature at which these specific gravities were taken was 
usually aboilt 46*. The cow during the whole time was fed up¬ 
on the same kind of food, namely, beet-root, hay, and straw. 
We see that the specific gravity of the milk before parturition 
is higher than after it These specific gravities are all higher 
' than cow’s milk, according to the statement of Brisson. 

The first milk, or the milk which is given by the animal just 
after jlarturition, is called colostrum. In Scotland it goes by the 

* Jour, de Phys. xxzni. 962. 
f Lavoisier’s Traitd Elementaire de Chimie, ii. 587. 
t Henri and Chevalier say that it varies from 1*020 to 1*025. See Jour, 
de Pharm. xxv. 403. 
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name of hmt The same term, I believe, is applied fo it in En¬ 
gland. ^ * 

When milk is allowed to remain for some time at rest there 
collects on its surface a thick unctuous, yellowish^coloured sub¬ 
stance, known by the name of creanu * 

After tbcf cream has separated, the inilk which remains is mu(ii 
thinner than before, and has a bluisljt white colour. If it be 
heated to 100® and a little rennet»(^ater digested with the inner 
coat of a calfs stomach and preserved with salt,) be poured into 
it, coagnlatioif ensues. If the coaguium be broken the milk soon* 
separates into two distinct substances; a solid white part knowq 
by the name of cur^, and a fluid portion icallcd whey. *Thus 
milk is easily separated ii^to tliree distinct substances, gamely, 
creamy curdy and whey. • 

1. Cream is a^cmiliquid of a yellow colour, and its consistence 
increases gradually by exposure to the atmosphere. In three 
or four days it becomes so thick that the vessel containing it may 
be inverted without riskiifg any loss. In eight or ten more 
its surface is covered over with mucors and byssi, and it has no 
longer the flavour of cream but of very fat cheese.* ^In thb 
state it constitutes what in this country is called cream cheese. 

The quantity of cream yielded by milk varies not only in dif¬ 
ferent animals, Ifut in the same animal at ditferent times. The 
following table shows the ratio between the bulks of cream and 
whey from the same cow, (fed on beet-root, hay, and straw,) at 
difierent periods before and after parturition, as determined by 


Lassaigne if 

Volume of 
cream. 

• 

Volume of 
whey. 

Water ' 
per cent. 

42 days before parturition. 

200 

800 . . 

78-4 

32 ditto. 

200 

. 800 * . 

78-2 

21 ditto. 

^00 

•800 

78-1 

11 ditto, 

200 • . 

800 

78^ 

Just after parturition, 

200 

800 

78*2 

4 days after ditto. 

200 

800 

79.8 

6 ditto. 

188 

812 

, 82-Oa 

20 ditto. 

78 

922 

89-0 

21 ditto. 

59 

, 941 

88-0 

30 ditto, 

64 

936 

90*0 

Jour, de Phys. xxxvii. 372. 

t Ann. de Chim. et de Phys. xlix. 35. 
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In a third‘column is ii^rted the weight of water contained in 
100 parts of the respective milks. 

Cj^eam consists of a peculiar oily matter mixed with curd and 
whey, and th6 substances held in solution in the whey, ‘ When 
agitated for some time it separates into two portions, namely, a 
wlid yellow »ibstance called butter, -and a liquid portion contain¬ 
ing the greatest part of the curd and whey. This liquid is cal¬ 
led hutter-milh The procc^ntself is called churning. 

The formation of butter goes on equally well whether the ac¬ 
cess of air be admitted or precluded. Maeaire ‘Princep has as^ 
certaiqed by experiment, that no oxygen .is absorbed from the at¬ 
mosphere during the process of churning. ' This indeed has long 
before been shown by Young* and by Thenard.f 

In some cases it is said that there is an extrication of gas dur¬ 
ing the churning of butter, and it has been inferred that this gas 
is earbonic acid. But the fact has not been established in a sa¬ 
tisfactory manner. Dr Young affirms, that during churning 
there i& an increase of temperature amounting to 4 degrees. 
Cream, according to the analysis of Berzelius, consists of, 

, Butter, 4*5 

Curd, . 3‘5 

Whey, 92*0 

100-0 

but it varies so much in the proportion of its constituents that 
such analyses are of very little value. 

The appearance and characters of butter arc so universally 
known that it is needless to describe it. In its usual state it con¬ 
tains about ^th of its weight of substances contained in butter¬ 
milk. To separate the butter from these substances it is to be 
put into a cylindrical glass, and liaised to a temperature which 
n?nst not be higher than 140**. The butter melts and swims up¬ 
on the surface under the form of an oil, while the butter-milk is 
• collected in the lower part of the vessel. When tlie butter oil 
has become clear it is to be poured into another vessel contain¬ 
ing water heated to 104®, with which it is to be well-agitated, in 
order to separate every thing from it that is soluble in that li- 
qmd. Whmi the mixture is left at rest the butter-oil collects on 
the surface, and when the water cools concretes into solid butter. 

* Young de Lacte, p. 15. t Nicholson's Journal, xii. 218. 
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Thus purified butter is a white solid substance Hke tallow. 
Its yellow coloui*, when it has it, is owing to the food on which 
the cow was feS. According to Chevreul, melted butter may 
be cooled down to 80® before it congeals. The temperature 
then suddenly rises to 90®, and continues at that point till the 
solidificatioit is completed.*. * , • 

100 parts of alcohol of 0.822 dissolves 3*46 of butter. ‘But¬ 
ter is very easily saponified, requiribg only 8 parts of potash ley 
to saponify 20 parts of it 100 parts of cow’s milk butter when 
thus saponifieckfurnish 88*5 parts of fixed solid oily acids. This* 
acid matter contains 11*85 of glycerin, a little stearic acid, and, 
three volatile oily acids.t . • 

Butter is composed of th jee kinds of fatty matter, namely, stea¬ 
rin, elain, and a fatty matter from which the three volatile oily 
acids are formed! To this last substance Chevreul, to whom we 
ow'c all the facts here stated, has given the name of butyrin. The 
relative proportions of these three fatty matters may vary accord¬ 
ing to circumstances. This is tlie reason why butter ,wics so 
much in its degree of consistence. Braconnot obtained by ex¬ 
pression between 40 and 65 per cent, of stearin. J According to 
Chevreul, who separated it by crystallization from its sofution in 
alcohol, it is crystalline, and whiter and more brilliant than stea¬ 
rin from ox tallows It melts at 135®. 5 according to Braconnot 
According to Chevreul, it melts at 111®, and 100 parts of alco¬ 
hol of 0*822 dissolve only 1*45 of this stearin. 100 parts of it, 
when saponified, gave 94*5 of fatty acids fusible at 111®, and 7*2 
of glycerin. • 

The elain of butter cannot be completely freed from butyrifl, 
nor the butyrin from elain. Chevreul employed tlie following 
method to se|)arate them: Purified butter was kept for a long 
time between 61® and 66® of.tcmperatirfe. At that temperature 
the elain and butyrin are liquid, while the solid stearin unite^ to¬ 
gether by degrees, so that the liquid portion may be decanted 
off. This liquid portion is an oil having the specific gravity of 
0*922 at 66®. 100 parts of boiling alcohol of 0*822 dissolve 6 

parts of it Upon this oil its own bulk of absolute alcohol wfks 
poured, and the mixture was left for twenty-four hours, being 
frequently agitated during that time, and the temperature was 

* Chevreul su'* Ics Corps Gras, p. 273. t *Wd. 

J Ann. de Chim. xciii. 227. 
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66®. Th6 alcohol bei^g decanted ofF and distilled over the wa- 
ter-hath, left an oil which had an acid reaction, and the smell of 
butter. This oil was butyrin, mixed with a little elain. The 
acid*^ reaction 'was owing to the property which alcohol has of par¬ 
tially decomposing the butyrin and developing a portion of the 
j^olatile acids, which it furbishes. They may be removed by di¬ 
gesting the butyrin witl^ a mixture of water and magnesia. A 
salt of magnesia soluble in water is formed, and the butyrin be¬ 
comes neutral. 

Butyrin in this state is an oil, sometimes yellow, sometimes 
colourless. It has the taste and smell <>f butter, and becomes 
solid when cooled down to 32®# It is miscible in all proportions 
with bailing alcohol of 0*822. According to Chevreul, a mix¬ 
ture of 2;^ parts butyrin and 10 parts alcohol becomes muddy on 
cooling, while a mixture of 12 parts butyrin and 10 parts alco¬ 
hol retains its transparency. The alcoholic solution becomes 
always acid, and the more so the longer the digestion continues. 
But}Tii\. js easily saponified. The latt)' acids evolved by this pro¬ 
cess begin to solidify at 90®, but do not become quite solid till 
cooled down to 63®. 

When the elain from butter is digested for a long time in ab¬ 
solute aleohol, the butyrin dissolved becomes more and more 
charged with elain as the process advances. If we digest it three 
times successively with twice its weight of absolute alcohol, the 
remaining elain which separates from the last portion of alcohol 
as it cools is as free from butyrin as it can be made by this pro¬ 
cess. It is not the least acid while the alcoholic solution red¬ 
dens litmus. The specific gravity of this elain is 0*92 at 66®. 
Alcohol of 0*822 dissolves only four-fifths of a per cent of it 

These three constituents of butter, namely, 8te<irin, elain, and 
butyrin, are all analogous to salts,,bcing combinations of certain 
oily acids and glycerin. 

When butter is saponified by means of potash, or rather when 
dhe liquid portion of butter is treated in this way, and the soap is 
afterwards decomposed by adding a quantity of tartaric acid suf¬ 
ficient to convert the potash into bitartrate, the oily acids are 
disengaged. The fatty acids are now washed with water, and 
the water is* distilled. * The three peculiar acids of butter pass 
over with the water into the receiver. These acids are the hu^ 
tyricy the caprmc, and the capric. An account of these acids 
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and of the method of separating them from each other* has been 
■given in a precediftg volume of this work.^ 

The composition of these three acids, according to the analy¬ 
sis of Glfevreul, is as follows: • 



Butyric. 

C^roic. 

Caprie. 

Carbon, • . 

62*82 , . 

68*33 

. . 74*00 

Hydrogen, 

• 7*01 

9*00 

• 

9*75 

Oxygen, . 

30*17 

22*67 

16*25 

• 

P 

100*00 

100*00 

100*00 


From the experiment ol^Chevreul it would appear that the ato¬ 
mic weight of butyric acid is 9*624, that of c^proic acid 1^*‘25, 
and that of capric acid 18*25. Hence the constituents of these 
acids should be, * \ 

Butyric acid, ' C® IF.O® = 9*625 
Caproic acid, O® = 13*25 • 

Capric acid, C^® O® = 18*25 
But new and careful analyses would be nece^ry before wc^uld 
conader these numbers as established. 

2. When milk freed from cream is heated to 110®,* or a little 
higher, and mixed with a little rennet^ it coagulates and gradual* 

* ly separates into a solid white matter called curd, and a liquid 
portion distinguished by the name of whey. • 

Curd when in a state of purity is distingmshed by the name 
of ccLsein. The mode of proeuring it in a state of purity and its 
properties have been given in a preceding chapter of this vo- 

• lume. Casein has many properties in commop with the albu¬ 
men of blood, and like albumen may be obtained in two states, 
namely, uncoagulated, when it is soluble in water, and coagulated 
when it is insoluble in that liquid. It is precipitate from its 
aqueous solution by acetic acid, which is not the case with albu¬ 
men. It is coagulated by a boiling heat, but Slowly ; separating 
‘in films which collect upon the lurface of the liquid. 

Coagulated casein subjected to pressure to free it from the 
whey constitutes cheese. If cheese consist of nothing but casein, 
it has a bluish white colour, is very hard, almost like horn, and 
is quite insipid. Good cheese is always made from milk still re¬ 
taining its cream, and in Stilton, which is^one of the richest of 
the English cheeses, the milk is not only allowed to retain its na¬ 
tural quantity of cream, but an additional quantify is added. 


See Chemistry of Inorganic Bodies, ii. 1S2. 
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It is infpossible to sjate the proportion of casein which exists 
in milk, because it vai^ics so much, not only ia the milk of dif¬ 
ferent animal s , but also in that of the same animal at different 
times. According to Berzelius 100 parts of skiramed-miik which 
he anailyzcd contained 2*8 of casein. 

^ Lassaigne, made a curious remark respecting the milk of a cow, 
whK’h he exaininedat ten different periods; four of these before par¬ 
turition and six after it. Theonilk examined during the first three 
ofthebcjjeriods, namely, forty-two days, thirty-two days, and twen¬ 
ty-one days before piui;urition, contained no casiun at all, but in 
place of it albumen. The milks examined eleven days before and 
just after parturition contained both albumen and casein; the milks 
examined four days, six days, twenty days, twenty-one days, and 
thirty d,ays after parturition, contained casein and no albumen.* 
It woi^ld Imve been of importance had Lassaigne informed us of 
the method which he followed to distinguish casein from albu¬ 
men, and to separate them from each other when they existed to¬ 
gether in milk. 

3. Whey, after being filtered to separate a quantity of curd, 
which usually floats through it, is a thin pellucid fluid of a yel¬ 
lowish green colour and an agreeable and sweetish taste, in which 
the flavour of milk may be distinguished. Almost the whole 
curd may be separated by keeping the whey for some time at a 
boiling temperature. A thick wliite scum gathers on the surface, 
known in Scotland by tlie name of float whey. When this scum, 
which consists of the curdy part, is carefully separated, the whey, 
after being left rest for some hours to give the remainder of 
the curd time to separate, is quite transparent and much less 
coloured than before. It still retains its sweet taste, but much 
of the milky flavour is dissipated. If it be now evaporated over 
the steam Imth it deposits a number of crystals of sugar of milk. 
Towards the end of the evaporation some crystals of chloride of 
pbtassium and some of common &lt, make their appcarance.t 
According to Scheele it contains also a little phosphate of lime, 
which may be precipitated by ammonia, j 

; Schwarz found that 1000 parts of cow’s milk left 3*697 of 
ashe^ composed of 

* Ann. die Chim. et de'I’hjs. xlix. 35. 

t Parmentier, Jour, de Phys. xxxvii. 417. 

t Scheele’s Essays, ii. 61. „ 

4 
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Phosphate *of lime, . . 1*805 * 

Phos^lfate of magnesia, .* 0*170 

Phosphate of iron, . 0*032 

* Phosphate of soda, . 0*225 

Chloride of potassium, •. 1*350 

Soda, combined Mdth lactic kcid, 0*115 


•. • 3*697* 

Lassaigne observed that milk from the cow forty-two 'days, 
thirty-two days, ,^nd twenty-one days before parturition contain¬ 
ed no sugar of milk and po lactic acid, but a sensible quantity of 
uncombined soda. In*short, it bofe a close* Resemblance fo'the 
albumen of blood. While milk from the same cow eleven days 
before ])arturition and always after it, contained free lactic acid 
and sugar of milk but no fret soda-t, It would a])pear frq^l this 
and other observations of Lassaigne already noticed, that the 
milk of the cow is at hrst very similar to the scrum of blood, and 
that the casein, sugar of mijk, and lactic atid, to which i^ owes 
much of its distinguishing characters, begins first to make their 
appearance in it about eleven days before parturition.* 

The experiments of Fourcroy and Vauquelin, Thenard,*Bou- 
’ illon Lagrange, and Berzelius, have added considerably to our 
knowledge of the cpnstituents of whey. The sugar of milk con¬ 
stitutes at an average about 3*5 percent, of the whey; while the 
saline ingredients do not exceed 0*22 or two-ninths of a per cent 
The water of course constitutes about 96*3 in the hundred parts. 

• The saline contents of milk are, chloride of pq|assium, chloride 
of sodium, phosphate of lime, of magnesia, and a trace of phos¬ 
phate of iron, acetate of potash, lactate of potash, lactic acid, and 
a trace of lactate of iron. , 

The colostrum, or heist milk of the cow, has a pretty deep-yel¬ 
low colour with a tint of green.* It contains 5 much greater pro¬ 
portion of ricottin, and a sinallef of casein than milk in its ordl^ 
nary state, and about six days after parturition elapse before the 
milk contains the normal quantity of these two substances. The 
colostrum when churned gives a very yellow butter which, when , 
heated, emits a smell similar to that of the white of egg. From 
the observations of Parmentier and Deyeux.^it would appear that 


* Schweigger'B Jour. viii. 271. 


t Ann. de Chim. et de Phys. xlix. S5. 
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the cream does not separate from the colostrum so easily as from 
ordinary milk. For after having removed the cream, a new por¬ 
tion gradually collected on tlie surface of the milk. Butter 
made from Ihis second cream was not so yellow as that from the 
first *When the colostrum is heated it coagulates like albumen. 
i The colostrum of the 5ow, the ass, and goat was analyzed by 
Hehri and Chevalier.* The result was as follows: 



' Cow. 

Ass. 

Goat. 

Casein, 

150-7 

116-0 

245 

Mucus, 

20-0 

7-a. 

30 

Sugar of milk. 

. trace. 

43-0 

32 

Butter, 

26-0 

’ 5-6 

52 

Water, 

s 

803-3 

828-4 

641 


lOOO'O 

1000-0 

1000 


' The opinion of medical men is, that the colostrum possesses 
purgative properties, and tliat it is intended to free the bowels of 
the n^w-born animal from the meconium with which they are 
partly filled at the time of birth. 

Milk is* one of the few animal substances which may be made 
to undergo the vinous fermentation, and to afford a liquid re¬ 
sembling beer, from which alcohol may be separated by distilla¬ 
tion. For this property it is indebted to tlie sugar of milk which 
it contains, and which, like common sugar and sugar of grapes, 
is susceptible of being decomposed into alcohol and carbonic acid. 
The method of fermenting milk appears to have been discovered 
by the Tartars, who obtain all their spirituous liquors from mare^s 
* milk. The process followed by them is very simple: The milk 
is allowed to become sour, it is then raised to the requisite tem¬ 
perature. In summer the fermentation begins immediately, and 
in twenty-four hours the liqiud is converted into an intoxicating 
liquor, to which thd Tartars ^ve the name of koumiss or kumysz. 
In winter the process lasts two dr three days, and the koumiss 
may he kept for two or three months without losing any of its 
good qualities. It has then an add, and at the same time a sweet 
taste, and possesses intoxicating qualities. 

An account of the preparation and medical uses of koumiss 
was published by Dr .jS-utbrie in the second volume of the Trans¬ 
actions of the Royal Society of Edinburgh. Indeed some ac- 


* Jour, de Pharm. xxv. S48. 
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^ count of it, with a receipt for making jt, was inserted by Dr 
Grieve in the firssj; volume of these Transactions. A little very sour 
milk is added to the mare’s milk that is to be converted into koumiss, 
and the whole milk must be frequently and thoroughly amtated 
several times during the process. The kdumiss must always 1^ well 
agitated just Wforq it is to b& used. The Tartars consider this* 
liquid as highly nutritive and medicinal.* There is an elaborate 
history of this liquid, together witlf a set of experiments on the 
fermentation of sugar of milk, by M. Schill, in the thirty-first vo¬ 
lume of Liebig’S Annalen der Pharmacies (page 152.) Many ‘ 
chemists had failed in^their attempts to ferment milk and obtain • 
alcohol from it.* Schill, however,* succeeded? I have been in¬ 
formed by the late Sir John* Sinclair that koumiss is made* both 
in Orkney and Shetland ne^ly in the same way as in li'artary. 
Of course, they will use cow’s milk*in these islands instead of 
mare's milk. * 

From the experiments of numerous cheipists it had been con¬ 
cluded that sugar of milk* is incapable of fermenting,-and of 
course of yielding alcohol. But Scheele had long ago observed 
that milk ferments, and gives out a great deal of carbonic acid 
gas.* And Schill found by experiment, that 100 parts of su¬ 
gar of milk by fermentation may be made to yield 36*101 of ab¬ 
solute alcohol, t 

A set of experiments was made by MM. Boussingault and 
Tje Bel, to determine the effect of various kinds of food upon 
the quantity and quality of the milk given by cows.J They have 
not given satisfactory results. Because the qiiSintity of milk di¬ 
minishes in proportion as the time after calving increases. They 
deserve a place, however, as giving the quantify and qualify of 
the milk of the same cow during a period of 302 ddys. 

• • 

, • Schecle’s Opuscula, ii. 6G. t Annalen der Pharm. xxxi. 171. 

I Ann. de Chim. et de Phys. Ixxi. S5. * 
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Co^iposition of the milk. 
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'I 

M 

21*6 

pptatoes, bay. 

15*1 

2-6 

3*6 

0*3 

78*4 

13 

1-65 


dittiy. 

— 

— 

— 

— 

— 

24 

2-33 

112 

hay, clover. 

30 

3*5 

4*5 

0.2 

88*8 

35 

2'64 

131 

clover, 

3*1 

5*6 

4*2 

03 

86 9 

200 

1-23 

12-3 

hay. 

30 

4*5 

■**7 

01 

87*7 

207 e 

1-32 

12-4 

turnips, 

3*0 

4*2 

50 

0*2 

87*6 

aiS 

1-23 

12^9 

beet, 

3*4 

:o 

5*3 

0*2 

87*1 

229 

1-09 

13-5 

potatoes. 

3*4 

4*0 

5*9 

0*2 

86*5 

240 

0-78 


hay. 

—■ 

— 

— 

— 

— 

270 

075 


potatoes. 


— 

— 

— 

— 

290 

0-77 

12-5 

Jerusalem arti.q » 
choke, 

3-5 * 

5*5 

0*2 

87*5 

302 

0-62 

13-2 

hay and oil-cake,3*4 

3*6 

6*0 

0*2 

86*8 




Second Series. 





170.. 

205 

13-5 

potatoes, hay, 

5*3 

4*8 

5*1 

0*3 

86*5 

182 

1*96 

128 

hay, clover. 

4*0 

4*5 

4*0 

0*3 

87-2 

193 

216 

11-2 

clover, . 

4*0 

2*2 

4*7 

0*3 

88*8 

20ii 

1-72 

12-6 

clover in blossom ,8*7 

3‘5 

5*2 

0*2 

87*4 


The most remarkable circumstance in this table is the small 
quantity of milk given by the French cows subjected to experi¬ 
ment. It is no uncommon thing for a good Ayrshire cow to 
give 4-^ imperial gallons in 24 hours. The greatest quantity in 
the above table is 2*64 gallons: not much more than the half of 
4^ gallons. ^ • 

The milk of the other mammalia^ so far as has been examined, 
consists nearly of the same ingredients as cow’s milk; but there 
is a great difference in their proportions. 

1. Woman’s milk is thinner, more transparent, and much 
sweeter than cow’s luilk. When left at rest a cream collects on the 
kbrface, which has a whiter colour, and is more transparent than 
cow’s milk cream. The creamed milk is tliin, and has rather the 
appearance of whey with a bluish white colour, than of skimmed 
milk. 

fa 

It was stated by Parmentier and Deyeux, that this cream did 
not yield butter. But Pleischl showed in 1821, that this was a 
mistake, and that butter might be obtained from woman’s milk as 
well as firom that of the cow.* Indeed Stipriaan, Luiscius, and 
* Schweigger’s Jour, zxxii. 124. 
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Dr Bondt, proved as early as 1787 , that butter could fie obtain¬ 
ed irom woman’s^ milk.* 

None of the methods by which cow’s milk is coagulated suc¬ 
ceed in producing the coagulation of woman’s piilk.^ Meggen- 
hoffer found tliat while cold, neither muriatic acid, acctih acid, 
acetate of lead, perchloride* of iron, 'sulphate of .copper, nor # 
corrosive sublimate caused it to coagulate; but coagula¬ 
tion was produced if the milk was warm. Sometimes, though 
but seldom, alcohol caused it to coagulate. The same remark 
applies to nitrat® of silver. In 20 trials, sulphate of iron caused ‘ 
the coagulation of about*one-half. Protochloride of tin, estate . 
of lead, protonitratc of mercury, and tincture»of nut-galls liad a 
similar action to nitrate of ^Iver. All these specimens qf wo¬ 
man’s milk reddened litmus-paper.J • 

Woman’s milk,*according to Meggenhoffer, contains fnom 11 
to 12^ per cent of solid matter, and the quantity is greatei^a 
considerable time after parturition than soon after it By di¬ 
gesting the solid matter of ftiilk in alcohol fileggenhoffcr.obtain¬ 
ed a butter which melted at 88®; and the stearin deposited from 
the alcohol as it cooled melted at 9o°. This butter agrees, there¬ 
fore, with tluit from cow’s milk. 

The characteristic property of woman’s milk is, tliat the casein 
forms soluble compounds with the acids, so thaf we cannot throw 
it down by their means. But this casein may be coagulated by 
rennet It docs not concrete into a mass as in cow’s milk, but 
appesirs in isolated docks. The mean quantity of casein in this 
milk is between 2^ and 3 per cent The foilowiug table ex¬ 
hibits the result of the analysis by Meggenhoffer, of three differ-* 
ent specimens of milk from different women: 


Alcoholic extract, with butte^ lac-'i 

1. 

• 

Z 

3. * 

tic acid, and lactates, common salt, > 
and a little sugar of milk, * V 

9‘VS 

8-81 

17-12 

• 

Aqueous extracts, sugar of milk, and 1 
salts, . . J 

- 1-14 

1-29 

0-88 

Casein, coagulated by rennet, 

2-41 

1-47 

, 2-88e 

Water, 

87-25 

88-35 

78-93 


~- 1 — 

99-93 

99-92 

99.81 


• Crell’s Amialen, 1794, 76. t Clarke, Irish Trans.Jii. 175. 
I Gmelin’s llandbuch der Theor. Chimic, ii. 1402 
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Payen^ has given following results of the analy^ of wo¬ 
man’s milk from three several women: . 


Fa[t, melting at 75®, 

1. 

5*16 

2. 

5*20 

8. 

5*18 

Sugai of milk, soluble salts with trace' 

1 7*62 

7*93 

1 

0*25 

7*86 

of animal matter, 

Cahein and insoluble salts. 

f 

0*18 

0*24 

Water, . . ‘ . 

86*00 

85*60 

85*801 

Solid matter in the milk. 

98*96 

13* 

•98*98 

13*4 

99*08 

13*3 


T^le constituents* of woman’s milk in its normal state, accord¬ 
ing to the analysis of Henri and Chevalier are. 

Casein, . 15*2 

Butter^ . 35*5 

# Sugar of milk, 65*0 

Salts, . 4*5 

Water, . 879*8 


1000*0t 

According to Schubler most of the casein in woman’s milk is 
in the state of ricoitin. But tliis remark does not quite accord 
with the experintents of Meggenhoffer. 

According to the experiments of Schwarz, 1000 parts of wo¬ 
man’s milk leave an ash when burnt, weighing 4*407 : and com¬ 
posed of. 


Phosphate of lime. 

2*5 

Phosphate of magnesia. 

0*5 

Phosphate of fron. 

0*007 

Phosphate of soda. 

0*4 

Chloride of potassium. 

0*7 

Soda combined with lactic add, 0*3 


.4-407§ 


2. Ass's v^lk has a strong resemblance to human milk. It 
has nearly the same colour, smell, and consistence. When at 

* Jour< Chim. Med. iv. 118. 

f It is ot>vious that most of the casein remained in solution, and was confound¬ 
ed with the sugai of milk, &c. obtained by evaporating the whey, 
t Jour, de Phann. xzv. 340. § Schwmgger’s Jour. viiL 271. 
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rest a cream collects on its sur&ce: but by no means in such 
quantity as in ^otnan’s milk. This cream, by very long a^tation, 
yields a butter which is always soft, white, and tasteless; and 
what is singular, readily mixes with the buttep milk; but it may 
be again separated by agitation, white the vessel which contains 
it is plunged in cold waten Cream^ ass’s milk* is thin, and 
has an agreeable sweetish taste. Alcohol and acids separate from 
it a little curd, which has but tf *small , degree of consistence. 
The serum yields sugar of milk and chloride of calcium.^ 

According to the experiments of Stipriaan, Luiscius and * 
Bondt, ass’s milk yields at an average 2*9. per cent, of ^rearn,. 
2*3 of casein, and 4'5 of sugar of milk. Itiindergoes very rea¬ 
dily the vinous fermentati(yi.t They found the specific gravity 
of ass’s milk 1*023. • 

In 1836, M. Peligot published some interesting experiments on 
ass’s milk. The object which he had in view was, if possible, 
to discover whether the medicinal properties ascribed to this 
milk might not be accounted for by some variation imits solid 
constituents from that of the milk of other animals.^ Its speci¬ 
fic grjivity varies from 1*030 to 1*035, being nearly the ^me as 
that of cow’s milk, yet it contains less solid matter. But cow’s 
milk contains more cream, which counteracts the effect of its so¬ 
lid contents. * 

The mean composition of ass’s milk, according to Peligot, is. 



I 

C Butter, 

1*29 

Solid matters. 

9*53^ 

1 Sugar of milk. 

6*29 


1 

L Casein, • , 

1*95 

Water, 

90*47 






9*53 


100* 

• 



It contains more sugar of milk than cow’s.milk, and to this he 
ascribes its medicinal properties. • 

It was found that the proportion of solid matter varied ac¬ 
cording to the food by which the ass was nourished. The fol-* 
lowing are the results: 

1. An ass fed during a month on carrots yielded a milk conf- 
posed of. 


* Parmentier and Deyeux, Jour, de Pbye. xxxvii. 423. 
t CrcU’s Annalen, 1794, ii. 266. 

I Ann. de Chim. et de Pbys. Ixii. 432. 




_ * 

4. The same ass fed for a fortnight on potatoes yielded a milk 
composed of. 




/ Butter, 

1*39 

Solid matters. 

. 9*29 ■ 

] Sugar, 

6*70 



1 Casein, 

. ' 1*20 

Water, 

90*71 


9*29. 


From these experimente it would seem tliat the most nourishing 
food was beet-root, the next oats and lucerne, next potatoes, and 
co’Tot the least nourishing of alh The quantity of milk was 
proportional to the nourishment yielded by the food. 

Beet-root gave . 1*5 kylogrammes of milk. 

Oats and lucerne, 1*5 

* ''Potatoes, . . 1*28 

Carroty . . 1*0 

The longer the milk remains in the udder of the ass after milk¬ 
ing before it be milked again, the less solid matter does the milk 
contain, as will appear from the following table: 
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A 

In hour. After 6 hours. 

• 

After 24 hours. 

Butter, .• 

1*55 

1^0 

1*23 

Sugar,. 

6*65 

6*40 

6*33 

Casein, 

3*46 

1*55 . 

• 

. • 1*01 

• 

• 

Solid matters, • 

11*66 

* 9,*37 

. • 8*57. • 

Water, 

88*34 , 

96*63 

91*43 


100* 

100* 

100* * 

When milk is examined at the beginning, middle, and end of 
the same milking, thi^l^st drawn milk is the richest. This will* 

appear from the following table: * 

• 



Fifst drawn. 

Middle. 

Enct • 

Butter, • . 

•0*96 

1*02 

1*5^ 

Sugar, 

6*50 

6*48 

6*45* ^ 

Casein, 

1*76 

1*95 

2*95 

Solid matters. 

9*22 

10*45 

10*94*’ 

Water, 

90*78 

89*55 

80*66 

• 


100* 

100* 

100* 


M. Peligot foiyid that when iodide of potassium, common salt, 
or bicarbonate of soda was mixed with the food of the ass, the 
presence of these substances in the milk became sensible. 

Henri and Chevalier state the constituents of ass's milk in 
its normal state to be, ^ 

Casein, . 18*2 

Butter, • 1*1 

Sugar of milk, , 60*8 

Salts, • • 3*4 

Water, •* . 9r6*5 

• • _ 

1000*0 * • ^ 
Ass's milk, after the animal had undergone great fatigue, 
yielded, ’ , • 


* Jour, de Pbarm. xxv. 340. 
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Casein, 

11*2 

Butter, 

1*3 

Sugar of milk. 

59-0 

Salts, 

6*1 

Water, ’ 

1 

922*4 

t 

t 

1000*0 * 


t * 

3. Mare's milk is thinner ttian that of the cow, but scarcely so 
thin as woman’s milk. Farmentier andDeyeux did not succeed 
in obtaining butter from it by churning. But*^ we know from 
' HerQ(V)'nis that the, ancient Scythians *ii}ade butter from that 
milk, several ccntuiies before 'the commencement of the Christ¬ 
ian era. Its specific gravity is from 1*045 to 1*035, as deter¬ 
mined by Stipriaan, Luiscius, and P. Bondt,+ The creamed 
milk ccliEigulatcs just as cow% milk, but the curd is not so abun- 
daht. The whey contains sugar of milk, suljhate of lime, and 
chloride of calcium.^ , It readily ferments^ and is converted by 
the Tal'tars into koumiss. 

According to Luiscius and Bondt, mare’s milk contains 


Casein, 

16*2 

Butter, 

trace. 

Sugar, 

87*5 

Salts and water. 

896*3 


1000*0§ 


M. Henri, Senior, in 1830 examined a little milk fi*om the 
udder of a foal only four days old. Its specific gravity was 1*002. 
It threw up no cream; but when heated, was concreted and di¬ 
vided into casein and serum. It yielded, 

Fatty matter, . 1* 

Casein, . •' . 0*5 

Serum, . . . 28*5 

30*011 

4. Goa£8 mttk, if wo except its consistency, which is greater, 
does not differ much from cow’s milk. It throws up abundance 
of cream, from which butter is ea«ly extracted. The creamed 

* Jour, de Pharm. xxv. p. 846. I Ibid. p. 847. 

t Parmentier and Deyenx; Jour, de Phys. zxxvii. 428. 

§ Crell’a Annalen, 1794, ii. 352. || Jour, de Pharmacie,xvi. 418. 
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milk coagulates just as cow’s milk does; but yields*a greater 
quantity of curd.* From the whey was extracted sugar of milk, 
chloride of calcium, and common salt.* 

Paydn extracted from goat’s milk, • 

Butter, . •. * 4*08 • 

Casein and insoluble salts, * . 4:52 

Sugar ot milk and soluble salts, 5*86 

Water, . / 85*50 

_ 4 

* 99*961 

Stipriaan, Luiscius, and Bondt obtained, 

Cream 7*5 per ceift., yielding of butter 4:56 per cent.; ’9'12 
per cent, of casein, and 4*38 of sugar of milk. | ^ 

Henri and Chevalier state the constituents of normhl goat’s 
milk to be, • * • 


Casein, 


40*2 

Butter, 


33*2 

Sugar of milk. 

• 52*8 

Salts, 

• 

5*8 

Water, 


868*0 



1000*0§ 


5. Ewe^s milk resembles very closely that oPthe cow. Its spe¬ 
cific gravity was found by Stipriaan, Luiscius, and Bondt, to 
be 1*035. Its cream is rather more abundant than from cow’s 
milk, and it yields a butter which never acquires the consistence 
of common butter. Its curd has a fat and viscid appearance. 

Normal ewe milk, according to the analysis of Henri and Clie-^ 
valier, is composed of. 


Casein, 

45*0 . 

Butter, ^ . 

42*0 

Sugar of milk. 

*50*0 

Salts, . * *. 

6*8 

Water, 

856*2’ 


* 1000*011 

• Parmentier and Deyeux, Jour, de Phys. xxxvii. 425. 
f Jour. Chim. Med. iv. 118. • 

J Crell’s Annalen, 1794, ii. 252. § Jour, de Pharm. xxv. 840. 

II Jour, dc Pharm. xxv. 340. 
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CHAPTER X. 

. OF THE EGGS OF FOWLS. 

* • 

, The eggs of all birds, sor far as th^ have been examined, bear 
a striking resemblance to each other. They cdnsist of four parts, 
1. The shell, which is white kvthe eggs of the common fowl, and 
of many other birds; but it is often coloured or spotted of va- 
«rious colours, so as to give it a beautiful appeaisance. 2. The 
membrana putaminis, a thin translucci);t pellicle immediately 
withid {lie shell. the grea^ end of the tgg this membrane is 
detached from the shell, leaving a certain distance between them, 
which IS ^lled with air. 3. The white or albumen, a glairy liquid 
consisting of albumen dissol^ied in waiter, and contained, like the 
vitaeous humour of the eye, in an extremely thin membrane di¬ 
vided into cells. 4. The yolk, a thick and almost solid yellow 
matter,^inclosed in a peculiar membnane. This membrane, by 
two ligaments called chalazce, is tied to tbe membrane of the al¬ 
bumen, and'thus the yolk is kept in the centre of the egg. 

1. "fhe shell of the common fowl was analyzed by Vamiuelin* 
and Merat Guilotf But both of these chemists seem to have 
overrated the quantity of animal matter which ,it contains. Ac¬ 
cording to Dr Front’s analyses, which seem to have been con¬ 
ducted with scrupulous attention to accuracy, its constituents 
are. 

Carbonate ^f lime with a little carbonate 
• of magnesia. 

Phosphate of lime and magnesia, . I 
Animal matter, . . 2 

* * 100 $ 

If we suppose the weight df the whole egg to be 1000 
^ains, the average weight of the membrana putaminis will be 
2*35 grains.§ Tins membrane has not been subjected to analy¬ 
sis. Ai^cording to Hatchett it consists of coagulated albumen. 

* Ann. de Chim. Ixzzi. 904. 

t Ann de Chink zxxiv. 71. t Pbil* Trane. 182*2, p. 381. 

§ Front, Ibid. 
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It is stated by Berzelius^ I know not on what authortty; to be 
‘ eaaly converted into gelatin when boilednn water. 

3. The glair^ liquid called the white coagulates into a firm 
white sdlid when heated to 159**. Hence it is a solution of al> 
humen in water. This aqueous solution when, evaporated to 
dryness leaves about 14 per/;ent of albumen. Dr.Bostock has^ 
sh(^wn that it contains also a little mucus.^* According to hinf the 
mean constitution of white of egg is^ 


Water, 

80 

0 

Albumen, 

15*5 


Mu(;u6, 

4-5 

• 

• 

• 

• • 

• 

o 

o 

% 

• 



Dr Prout determined by combustion the quantity of fijied con¬ 
stituents wliicb albumen cohtains. ^If we suppose the original 
weight of the egg to have been 1000 grains, the following table 
shows the weight of the fixed constituents in three different eggs: 


t 

No. 1. 

No. 2. 
Grains. 

No. 3* 

Sulphuric acid. 

0-29 

0*15 

0-18 

Phosphoric acid, 

0-45 

0-46 

• 0-48 

Chlorine, 

0-94 

0.93 

0-87 

Potash, soda, and carbonates of do. 

2-92 . 

2*93 

2-72 

Lime, magnesia, and carbonates of do. 

0-30 

0-25 

0*32 


4*90 

4-72 

4-57 


• It was long uncertain whether the sulphur and phosphorus 
exist in the white of egg in the state of sulphuric and phos-« 
phoric acids, or in that of sulphur and phosphorus. What 
renders the second of these suppositions probable is, that 
the acids are too small in quantity to neutralize the bases ; and 
it is well-known that the whit^of egg has an alkaline reaction. 

* The existence of these bodies in the, state of sulphur and phos¬ 

phorus has been at last proved by M. Mulder, asdias been no¬ 
ticed when treating of albumen in a preceding chapter of this 
volume. • 

4. The yolk consists of water, albumen, and fixed oil, mixed 
so as to constitute an emulsion. It contains also a colouring mat¬ 
ter, for which it is indebted for its yellow colour. Dr Prout ana- 


* Nicholiion’s Jour. xi. 246, nnd xiv. 142. 
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lyzed it in^the following manner : An egg was boiled liard in 
Stilled water, and the* yolk in that state wan foimd to weigh 
316*5 grains. It was then partially dried by Exposure to the 
air for several weeks, and to remove the remainder of thd water, 
it was reduced to powder •and dried in a heat somewhat more 
^an 212®. Jhe total loSs of weight was 170*2 grains, which 
was Considered as owin^^to the escape of watef. The residue was 
digested repeatedly in alcohol«*bf 0*807 till that liquid came off 
colourless. What remained was a white powder possessing many 
• of the properties of coagulated albumen, but diffaring from that 
j)rinci^e by the large quantity of phospbprus which it contained 
in so&e unknown s^te of combination. 'iHic alcoholic solution 
was of^a deep-yellow colour, and deposited crystals of a sebace¬ 
ous matter, and a portion of yellow semifluid oil. On distilling 
off the .alcohol the oil wa^ obtained in a separate state. On 
cooling, it became nearly solid, and weighed 91 grains. The al¬ 
bumen weighed 55*3 grains. Hence the yolk con^ted of, 

^ * • Grains. 

Water, . 170*2 or 53*78 

Albumen, . 55*3 or 17*47 

Yellow oil, . 91*0 or 28*75 


. 316*5 100*1)0 

But he found these proportions to vary a little in different eggs.* 
According to Planche, 1000 parts of yolk of egg furnish at 
an average 180 parts of oil. This oil consists of stearin and elaiii 
in the following proportions: 

• Stearin, . 10 

Elain, . 90 

100 

The stearin is wliitC, solid, and tloes not stain paper like oil. 
idb parts of boiling alcoholf of tiie specific gravity 0*805, dis- 
, solve 10*46 pflrts of this stearin. He found the stearin from the 
fat of fowls of ^ fine white colour, and 100 parts of alcohol of 
i)*805 .dissolved 10*09 parts of it, showing it to agree very near¬ 
ly with the stearin from the yolk of egg.f 

The elain from the. yolk possesses the characters of a fixed oil, 
but has not hitherto been subjected to a chemical investigation. 


• Phil. Trans. 1822, p. 387. 


t Jour, de Pbarmacie, ix. 2. 
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Chevreul has found two colouring matters in the yolk, the one 
* red, and the othef yeUono. * 

Lecanu, besides the stearin and clain, extracted from the yolk 
of egg k crystalline matter which melted at 2^3^, And which he 
considered as of the same nature with eholesterin from the* brain.* 
Dr Proutf determined the quantity of fixed constituente ofr 
dried yolk of egg l)y incineration. Ile. pounded the yolk with 
bicarbonate of potash in a mortar, *ahd then heated it in a cover¬ 
ed platinum crucible till flame ceased to escape from a small 
hole in the lid. ^The contents when cold were removed from the 
crucible and again pounded with nitre. TJ^ie mixture Was .now • 
introduced by a little at a time till* the whole-was burnt. To the 
residuum water was added, yhich dissolved every thing but the 
earthy phosphates. From the aqueous Solution everything was 
obtained except tile alkaline matter contained in the yolk. To 
obtain these a new portion of the yolk was treated as before, sifb- 
stituting lime and nitrate of lime for bicarbonate of potash and 
nitre. The following table‘exhibits the quantity of fixed* matter 


obtained in this way from three different 

yolks: 

A • 



No. 1. 

Wo. 2. 

aNo. 3. 

Sulphuric acid. 

0*21 

0*06 

0*19 

Phosphoric acid, 

3*56 

3*50 

4*00 

Chlorine, . • 

0*39 * 

0*28 

0*44 

Potash, soda, and carbonates of do. 

0*50 

0*27 

0*51 

Lime, magnesia, and carbonates of do. 

0*68 

0*61 

0*67 


5*34 • 

4*72 

5*81 

Whether the sulphur and phosphorus 

exist in 

the yolk 

in the 


state of acids, or as sulphur and phosphorus is not known, though 
the last supposition is most probable. When we cbmpare the 
fixed constituents of the white ^nd yolk, we ^nnot avoid being 
^truck with the difference. The white contains a much greator 
quantity of fixed alkalies than of any other fixed .constituent; 
while in the yolk the most abundant constituent is phosphoric 
acid, which amounts to from 3*5 to 4 grains, or, irwe suppose it 
to exist as phosphorus, it varies in a single yolk from 1*55 to 
1*77 grains. 

The spedfic gravity of a new laid egg varies from 1*080 to 

* Benelius, Tr«it4 de Chimie, ix, 573. f PhiL Trans. 1822, p. d86« 

Ff 
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1-090. Wlien kept, eggs rapidly lose weight and become spe¬ 
cifically lighter than wafer. This is owing to tfce diminution of 
bulk in the contents of the egg; the consequence bf which is that 
a portion of the inside of the egg comes to be filled with air. Dr 
Prout kSpt an egg two years, and found that it lost weight daily 
at the average rate of 0*744 grains. The originak weight was 
907*5 grains, and after \wo years exposure to* the atmosphere it 
weighed only 363*2 grains. * /I’he total loss amounted to 544*3 
grains,* or considerably more than half the original weight. The 
loss in summer was somewhat greater than in wviter, owing, no 
•doubt,the difference of temperature. JIad the original weight 
of the egg been 1000, then after two yeafs exposure to the at- 
mospliere it would be reduced to 400. 

The relative weights of the shell and lining membrane, albu¬ 
men, and yolk are very difierent Supposing rfie original weight 
of the egg to have been 1000, Dr Prout found the relative pro¬ 
portions in ten difierent eggs as follows;— 


!H»cll and membrane. 
Grains. 

Albumen. ' 


Yolk. 

• 104*8 

516*6 

• 

378*6 

110*8 

608*5 

• 

280*7 

116*7 

626*3 

• 

257*0 

89*0 

643*2 

• 

267-8 

117*6 

575*0 


307*4 

119*5 

575*3 

« 

305*2 

98*0 

636*6 

• 

265*4 

107*1 

596*0 

• 

296*9 

118*3 

624*0 

• 

257*7 

87*5 

640*0 

• 

272*5 

106*9 ‘ 

604*2 


288*9 average. 


^ When an egg is boiled in water it loses weight, particularly 
if it be removed from the i^aterVhen boiling, and be permitted* 
to cool in the open air. The water will be found to contain a 
portion of the saline constituents of the egg. The loss of weight 
from boiling is not constant, varying from twenty to thirty grains, 
supposing the original weight of the egg to have been 1000 grains. 
The quantity of saline matter obtained by evaporating the dis¬ 
tilled water in which an egg was boiled, amounts at an average 
to 0*32 grains. It is strongly alkaline, and yields traces of ani- 
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mal matter, sulphuric acid, phosphoric acid, chlorine, and alkali, 
lime and magnolia, and carbonates of fim? and magnesia ; in 
fact, of all the fixed principles found to exist in the egg. But 
the carbonate of lime is most abundant, and is obtained by eva^ 
poration in the form of a white powddt.* 

It is well known that when the egg is kept at a temperature' 
of about 100® by the warmth of the mother, or by any other ar¬ 
tificial means for three weeks, a cKicken Ls formed in it, ;^hic'i, 
at the end of that period, breaks the shell. Dr Prout made a 
number of. xperfments to determine the changes which take place 
in the constituents of the egg during the period of incubi^ion. f 
The following is a summary of these eyperiments; 

If we suppose the original jveight of the egg to be 1000 grains, 
it will be found that, after week’s incubation, the average loss 
is about fifty grains. Tlic following'table shows the amount of 
the various constituents of the egg on the eighth day of incu- 


bation in two diflerent eggs:— 



* 

No. 1. 

No. .2. 


Grains. 

Grains. 

Unchanged albumen, 

232-8 

247-1 

Modified albumen. 

. 179-8^ 

0 

Liquor amnii, membranes, 
blood-ves^ls, &c. 

1 97-0 ► 

275-2 

f 

Animal, 

22-0 


Yolk, 

. 301*3 

324*5 

Shell and loss. 

167*1 

153*2 


1000-0 

1000-0 


As soon as the process of incubation has commenced the yolk 
becomes more fluid than usual; the liquor amnii increases, and 
that portion of the albumen occupying the upper and larger end 
of the egg begins to assume a peculiar a^ect M^hen the 
tgg is boiled it puts on an appearance somewhat resembling 
that of curds-and-whey. It lias a yellow colour, and contains a 
portion of the oil of the yolk. Hence it would appear that a por¬ 
tion of the oil of the yolk must in some unknown way passinto 
that part of the albumen. It is tins portion of the albumen 
which, in the preceding table, is distinguished by the name of 
modified aWumen, The yolk at this period has become more 

Prout, Phil. Trans. 1822, p. 380. f Ibid. p. 388. 
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fluid, and Appears larger and of a paler colour than natural, and 
from the preceding tabic would appear to have^mewhat increas¬ 
ed in weight. This would indicate a portion of the albumen ad¬ 
ded to it, and moi;e tlian compensating the loss of oil. 

TheYollowing tables cxliibit the quantity of fixed constituents 
^n these contents of the egg on the«ighth day of ifleubation;— 


No. 1. 

Sulphuric 

Phos. 

Chlorine. 

Potash, 

Lime, 


acid. * 

•* acid. 


&c. 

&c. 

• 

Grains. 

Grains. 

Grains. 

Grains. 

Grains. 

Unchanged albumen. 

013 

0-27 

019 

1-03 

018 

Modified albumen,) 
]iquo%.Amnii, &c. f 

008 

0-38 

0-45 

r 

% 

M7 

012 

Yolk* . . 

, 009 

,4-03 

06b 

0-80 

0*68 

• 

• 

0*30 

4*68 • 

1-24 

300 

0*98 

•No. 2. 






Unchanged albumen. 

0*18 • 

0-18 

0*24 • 

1*50 

0-12 

Sftdified albumen, ) 
liquor amnii, &c. f 

0*10 

0-25 

0-30 

0*70 

0*12 

Yolk, 

. , 0-08 

4-00 

0-66 

0-75 

0-67 


036 

4-43 

MO 

2-93 

0-91 


F^om these tables it appears that, though the oily matter of 
the yolk has made its way to the albumen, very little of the phos¬ 
phorus has been removed from it. 

The following table shows the fixed constituents at the end of 
the tenth day of incubation:— 


Sulphuric 

acid. 

Phos. 

acid. 

Chlorine 

Potash, 
soda, &c. 

Lime, 
mag. &c. 

Grains. 

Grains* 

Grains. 

Grains. 

Grains. 

Unchanged albumen, 0*27 

0*14 

0*24 

1*13 

0*12 

Modified albumen, &c. 0*08 

0*65 

0*68 

1*36 

0*27 

Yolk, . . 0*05 

3-35 

030 

0*62 

0*66 

Q*40 

4*14 

1*22 

3*11 

1*05 


At this period tiie quantity of phosphorus in the yolk is some¬ 
what diminished and increased in the animal and its appendages! 
The chlorifle and alkalies seem also to have diminished in the 
yolk. . 

.^t the end of the*6econd week of incubation the egg has lost 
upon an average 130 grains, supposing its original weight to 
have been 1000 grains. The weight of its constituents in two 
difierent eggs are as follows:— 
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No. 1. 

'No. 2. 

• 

Gr^ns. 

Grains. 

Unchanged albumen. 

175-5 

208-0 

Liquor amnii, &c. 

. 273-5 

218-2 

• 

Animal, 

. 70-0 

• . 80*1 

Yolk, . . 

. 250-7 

248*0 

Shell and lose, 

230-3 

• 

. * 236-7 


' 1000-0 

1000*i) 


At this period the animal has acquired a considerahlc size, , 
while the albumen has diminished in a corresponding ^degree. 
The albumen has accpiired a very firm consistence when^ieagu-* 
lated by heat The liquor ainniils more fluid, and the modified 
albumen has disappeared. *The yolk has resumed it^oViginal 
size and consistcqpe. • 

The following table shows the fixed constituents at this peijod 
in two different eggs:— 



Sulphuric ^ 
acid. 

Phos. 

acid. 

Chlorine. 

Potash, 
soda, &c. 

Lime, mag- 
Ahsia, &c. 

No. 1. 

Grains. 

Grains. 

Grains. 

Grains. 

Grains. 

Uunchaiiged albumen. 
Liquor amnii, niem> 

0*07 

0-22 

009 

0-73 

010 

• 

branes, &c. 

006 

0*21 

0-71 

0*96 

0 08 

Animal, 

0-06 

0-23 

009 

0-46 

0-27 

Yolk, 

0-30 

3*34 

0-16 

• 0-68 

0 69 


0-49 

400 

1-05 

2*83 

M4 

No. 2, 

Unchanged albumen. 
Liquor amnii, mem¬ 

0-11 

019 

0-23 

0-97 

• 

0-09 

brane, &c. 

003 

0-20 

0-70 

1-07 

0-08 

Animal, 

006 

0-20 

0-07 

0*44 

0-28 

Yolk, 

020 

3-30 

010 

o-p 

0*70 


0-40 

•3'93 

I’lO, 

2*90 

M5 

An egg analyzed two days ^pter. 

or on the seventeenth da^f 

incubation, gave the following results:— 

• 



Sulphuric 

acid. 

Phos. 

acid. 

Chlorine. 

Potash, 
soda, &c. 

Lime, mag* 
nesia, &c. 


Grains. 

Grains. 

Grain. 

Grains. 

Gcrains. i 

Liquor amnii. mem* 

branes, animal, &c. 

0-34 

1-70 

0-68 

2*40 

MO 

Yolk, 

[0-10 

2-50 

0*30 

0-56 

0-75 


— 

—— 

—... 

— ■ ■ 



0-44 

4-20 

0-98 

296 

0-85 

At this period osafication has 

made considerable 

1 progresE 
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The yolk has parted with some of its phosphorus, which appears 
in other principles of thfc egg. • 

The following table shows the contents of the*egg at the end 
of the third week, or at the full term of incubation in two* differ¬ 
ent eggs:— • 


• 

# • * 

No 1. • 

No. 2. 

• 

GrAns. 

Grains. 

Residuum of albumen, membranes, &c. 

29-5 

38*1 

AnimaJ, 

55.5*1 

553*6 

Yolk, 

167-7 

151*3 

Shell and loss, 

• 

A 

247-/ 

257*0 

• • • • 

• 

1000*0 

1000*0 


At this period all the important changes of incubation are com¬ 
pleted. The albumen has disappeared or is reduced to a few 
dry membranes together wifli earthy matter. The yolk is con¬ 
siderably reduced in size, and is taken into the abdomen of the 
chick, while the animal has attained a weight nearly equal to the 
originaf’weight of the albumen, together with that lost by the 
yolk, minustthe total loss of weight sustained by the egg during 
incubaiion. The alkaline matters and chlorine have diminished 
in quantity, while the earthy matters have considerably increased. 

The following table shows the fixed constituents in the contents 
of two eggs at the end of the period of incubation 


Sulphuric 

acid. 

Phos. 

acid. 

Chlonne. 

Potash, 

&c. 

Lime, 

Gmins. 

Grains. 

Grains. 

Grains. 

Grains. 

Residue of albumen, &c. 0 04 

0*12 

0*09 

0*23 

0 12 

Animal, . 0*44 

3*02 

0*55 

2*26 

2*58 

i’^olk, . . 0*04 

1*06 

0*03 

0*06 

1*26 

1 1 

— 

I ■ 

■ 

.. 

0*52 

4*20 

0*67 

2*55 

3*90 

Residue of albumen, &c. O'Cl^ 

0*1.3 

0*09 

0*25 

0*12 

Animal, . 0*21 

2*71 

0*68 

2*12 

2*60 

YoIk, . 0*02 

• 1*23 

0*06 

0*03 

MO 

0*26 

4*07 

0*83 

2-40 

3*82 


It follows, from these experiments, that during the last week 
of incubation the yolk loses most of its phosphorus, which is 
found in the animal converted into phosphoric acid, and com¬ 
bined with lime, constituting its bony skeleton. This lime does 
not exist in tlie recent egg, but is derived from some unknown 
i '>urce during the process of incubation. 
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Mr Hatchett made the curious remark that in the ova of those 
tribes of animals^^the embryos of which ha^e bones, there is a por¬ 
tion of oily matter, and in those ova whose embryos consist en¬ 
tirely of soft parts, there is none. In what w£^y the oily matter 
contributes to the formation of bone, it is impossible, in the pre¬ 
sent state of our knowledge, uven to conjecture. Nor can anyi 
source of the lime of the bones be pointed out except the sliell. 
And it would be very difficult to^determine whether the shell 
loses lime during the process of incubation. 

CIIAPTEil XI. • 

OF THE ROE OF PISHES. 

The roe of fishes is well-known as the ovarium of that tribe 
of animals. It consists of a congeries of very small eggs; the 
number of these in a siiigle*fish is remarkable. M. Petijt, found 
342,244 in a carp of eighteen inches, and Leeuwenhoek states 
the number in a cod-fish to be 9,344,000. Now, *as e^li of 
these is capable of producing a fish, we need not l>e surprised at 
the immense numbers which swarm in the ocean and rivers, 
notwithstanding the numerous enemies to which they are ex¬ 
posed. 

The first set of exj)erimcnts to determine the chemical nature 
of the roe of fishes was made by Vauquelin on that of the pike 
{Esox litcim') in 1817.* In 1823, M. Morin examined the roe of 
the common trout (^Salmofario), and the carp (^Cyprinus car pin, * 
Linn.f); and in 1827, M. Hulong d’Astafort published a chemi¬ 
cal examination of the roc of the barbel ( Cyprinus harimSf Linn.jJ 

1. Vauquelin analyzed the r^^c of the fisli in the following man- 
, iier: Four pounds of it were washed with water, till everything 
soluble was taken up. The liquor being evaporated by the aj>- 
lication of heat cojigulated into a white flocky matter, which, 
when dried, was gray and brittle, soluble jn caustic potash, anti 
precipitated by infusion of nut-galls and by nitric acid in «white • 
fiocks. It was albumen. 

When a portion of the coagulum from aqueous solution was 
incinerated, it left a white alkaline ash, which consisted of car- 


* Juur. cle Phaiinai'ie, iii. 385. f Ibid. ix. 203. 


t Ibid. xiii. 521. 
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bonate of^otash, phosphate of potash, common salt, and phos¬ 
phate of lime. • • 

The liquid, from which the coagulated albumen had precipi¬ 
tated, having been evaporated to dryness, left a yellowish-brown 
extract, which was alkaline, had a fish smell, and tasted strang¬ 
ely saline, tt was insoluble in alcohol, but dissoKed in water. 
Alcohol threw down from the aqueous solution brown fiocks, 
which redissolved in water, »a/id possessed the characters of gela¬ 
tin. *Whcn burnt, it left an ash consisting chiefly of phosphate 
of magnesia, a little phosphate of lime, and carbonate of lime. 

The. alcohol, which precipitated the, above substances, when 
evajlorated, left a,brown matter, having*a saline and pungent 
taste, in which cubic crystals of chloride of potassium were form¬ 
ed. ^^hen triturated witli potash, this substance gave out a 
strong smell of ammonia. • 

•The roe of the pike formerly treated with water was now 
boiled in strong alcohol, and the boiling solution was passed 
through the filter. Tt was yellow,' and became muddy when 
mixed with water or allowed to cool. When the alcohol was evapo¬ 
rated it left an oily matter, having an orange-colour, and the taste 
and smell of fish. It contained a notable quantity of phosphorus. 

The roe thus exhausted by water and alcohol was burnt in a 
crucible. It left a charcoal difficult to incinerate, and which un¬ 
derwent a sort of imperfect fusion by the action of the fire. 
When digested in water it furnished an acid liquor precipitating 
lime and barytes water in white fiocks, and oxalate of ammonia 
in powder. It tl'creforc contained phosphoric acid and lime. 

^ From this imperfect analysis it appears that the roe of the pike 
contains, 

1. Much albumen. 

2. An oil. 

3. An animal matter, resembling gelatin. 

^ 4. Chlorides of potasduta and sodium. 

5. Sal-ammoniac. 

6. Phosphates of potash, lime, and magnesia. 

< 7. ..Sulphate of potash. 

8. Phosphorus. 

The analogy between the constituents of this roe and those of 
the eggs of common fowls is very remarkable. 

2. M. Morin followed much the same plan as Vauquelin in 
analyzing the roe of the common trout. 
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He digested sixty-four grammes of the roe in succfissive por¬ 
tions of water as^long as the liquor dissolved anything. The 
water being heaHed deposited docks, which, being collected on a 
filter aM dried, was gray, and dissolved completelyan caustic po¬ 
tash. From this solution it was precipitated in white flocks by 
tincture of imt-galls. Whon distilled se, it furnished an oil]^ 
and very alkaline *liquor, having a fetid odour. The residual 
charcoal being incinerated, left Sk %mall quantity of white ash, 
which had an alkaline reaction. Itconsistedof carbonate of potash, 
phosphate of petash, and phosphate of lime. The flocks were oh- • 
viously coagulated albumen, mixed with the above-nami^d salts.^ 
The liquid from which the albumen had ^parated being eva¬ 
porated to dryness, left a ygllowish-brown extract, having a dis¬ 
tinct flavour of beef-tea. When treated with strong alcohol, it 
only partially difeolved. The alcoholic solution, being mixed 
with water, was abundantly precipitated by tincture of nut-galls, 
acetate of lead, and nitrate of mercury. When evaporated, it 
left a yellowish residue sohible in water and in alcoho^. From 
these characters, Morin considered the substance to contain os- 
mazomc. When triturated with potash, it gave out a ^strong 
smell of ammonia, which he conceived to exist in the state of sal- 
ammoniac. When burnt it left a white ash soluble in water, and 
containing carbonate of soda and chloride of potassium. 

The portion of the extract left by the alcohol was totally so¬ 
luble in water. The solution was precipitated in yellow flocks 
by tincture of nut-galls. The mineral acids occasioned no change 
in it. Morin considered it as gelatin. When heated it swelled 
up, gave out an animal odour, and left a white alkaline ash con^ 
sisting of carbonate of soda and phosphate of lime. 

The roe, which had been treated with water, was digested in 
hot alcohol. The filtered alqoholic soliltiori was yellowish and 
muddy. When evaporated it left a yellow oil, having a ^sh 
smell and soluble in ether. It wa^ identical with the oil ex^act- 
ed by Vauquelin from tlie roc of the pike. When burnt it left* 
a minute quantity of phosphoric acid. , • 

The residue of roe treated with water and alcohol, had4he ap^ 
pearance of indurated albumen. It dissolved in caustic potash 
without giving out any ammonia. Muriatic acid dropt into the 
solution threw down white flocks soluble in an excess of acid. 
Heated in a platinum crucible, it left a charcoal difficult to inci- 
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ncrAte. It wos siniilar in its nature to the charcoal left after 
heating the exhausted foe of the pike. • ^ 

From his analysis Morin concludes that the roe of the com¬ 


mon trout contains, 

1. Albumen. * 

• 2. Osmazoine. 

3. * Gelatin. 

4. Oil. 

5. A solid matter resembling 
coagulated albumen. 


6. ^al-ammoniac. 

o •rpi _Ai* 


7. Carbonate of soda. 

8. Phosphate of lime and car¬ 
bonate of lime. 


7. Phosphorus. 

8. Carbonate of *soda. 

9. Carbonate and phospliate 
of potash. 

10. Chloride of potassium. 

11. Phosphate and carbonate 

^ of Mme. 

3. * The roe of the carp was analyzed tiy Morin in the same 

manner. He obtained, • 

1. Much albumen. 6.^ Chloride of potassium. 

2. (Ismazorae. * - - 

6. Gelatin. 

4. Oil containing phosphorus. 

5. Coagulated albumen. 

4. M. Dulong d’Astafort analyzed the roe of the barbel in the 
same way as the preceding analyses had been conducted. It has 
been long known that the roc of the pike has a purgative quali¬ 
ty. And M. Dulong d’Astafort informs us that those of the bar¬ 
bel have the same property. Tills effect is aSbribed to the oily 
matter which both contain, wliich, instead of being a tasteless 
fixed oil like that in the yolk of the common fowl, possesses very 
acrid properties. The roe of the barbel was found to contain 
the following substances: 

1. Albumen. 7. Sal-ammoniac. 

2. An acrid oil. 8. Phosphates of lime and po- 

3. Osmozome. tash. 

4. Gelatin. . ‘ 49. An organic salt, with base 

p. Phosphorus. ^ of potash. 

6. Chlorides of potassium and 
I sodium. 

These analy^ show, a striking analogy between the roes of 
lishes and the eggs of fowls. 
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CHAPTER Xn. 

OF URINE. 

I 

• 

No animalfsubstance has attracted ifiore attention than urine,m 
both on account o^ its connection with Yurious diseases, and of 
the remarkable products that havdibeen obtained from it. Mr 
Boyle made several attcmjits to determine the nature of thS salts 
which it contained though, from the imperfect state of che- • 
mistry in his time, it wdSk not possible that he could have sn^pceed- , 
ed. The discovery of phosphorus from urine by Brandt, in 1669, 
naturally drew the attention^ of chemists to that liquid, ^oyle 
discovered the process of Brandt, and taught his operatCK*, God¬ 
frey Hankwitz, thft method of extracting it from tliat liquid ; and 
it is well known, that for many years Hankwitz M'as the persbn 
who supplied all the chemists in Europe with this curious sub¬ 
stance. • •• 

The putrefaction of urine and the great quantity of ammonia 
which it yields when distilled, must have been observed at § very 
, early period, and accordingly we find the facts connected with 
these processes described by the earliest chemists who turned 
their attention to urine. Lemeri, for example,* whose system of 
chemistry was published in the latter part of the seventeenth cen¬ 
tury, has a whole chapter on the subject. Margraaf improved 
the process of extracting phosphorus from urine in the year 1743, 
and in 1746 he extracted ammonia-phosphate •f soda or micro- 
cosmic salt from urine, and described its properties, f * 

But the first person who threw any great light upon the con¬ 
stituents of urine was Rouelle Junior. In his resscarches on 
urine, published in the Joumai dc Medeciitje iov 1773 and 1777, 

, he describes the properties of urea, which he extracted from imine 
by means of alcohol, and obtained in the state of crystals. To 
tliis substance he gave the name of soapy matter, Rouelle point- • 
ed out, likewise, some of the salts of urine, though not so suc¬ 
cessfully. In 1776, Scheele discovered uric acid in urin^J, and* 
showed that it constituted one of the most common of the sub- 

• Shaw’s Boyle, iii. 316, 376, 377. 
t Opuscules Chimiques de Margraaf, i. 30, 123. 
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stances the concretion of which calculi are produced. He 
detected also phosphate of lime in urine.* ‘ 

In ] 808, Berzelius published the second vofume of his Ani¬ 
mal Chemistry, in which he gives a long account of the proper¬ 
ties of Urine, and mentions the action of reagents on it, but gives 
^ruo quantitive analysis. His well-known analysis of Mrine appear¬ 
ed first in his paper entitled General Views of the Composition of 
Animal Fluids, published in 1813 in the third volume of the Me- 
dico-Chirurgical Transactions.t 
About ten years after this, 1 made many experiments on urine, 
and likewise analyzed this liquid from a^ealthy individual; but 
the paper lay by me unpublished till it was inserted in the second 
volunje of the Records of General Science in 1835. In 1839, an 
elaborate paper on the variation of the constituents of urine in 
the same and in different irdividuals was giveli to the public by 
M. Lecanu.J Of tliis important paper an abstract will be given 
in this chapter. 

Urine is secreted by the kidneys and conveyed by the ureters 
to the bladder, from which it is voided occasionally when its pre¬ 
sence gives rise to a feeling of uneasiness. It was generally sup¬ 
posed by physiologists that the solid substances which it holds in 
solution were formed by the action of the kidneys; but the expe¬ 
riments of Prevokt and Dumas have made it almost certain that 
they all exist in the blood, and that the office which the kidney 
performs is only to separate them from the other constituent 
with which they are mixed in the blood-vessels. For when they 
extirpated the kidneys from animals and examined their blood 
two or three days afterward^ they were able to detect in it 
a sensible quantity of 10*63. 

Human urine when newly emitted has a yellow colour, more 
or less deep, according to circumstances. It is transparent, though 
sometimes when left at rest in a glass it deposits a few flocks of , 
mucus. It has a distinct arofiiatic smell, which has been compar¬ 
ed to that of violets. When it cook, the aromatic smell leaves 
it, and is succeeded by another well-known by the name of uri- 
'^ous, «This odour is in two or three days (when the urine is from 
young or middle-aged persons) succeeded by another which has 

* Scheele'8 Essays, p. 199. f Annals of Philosophy, ii. 422. 

t Jour, de Pharinacie, xxv. 681, 746. 
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considerable resemblance to that of sour milk. This ftnell gra¬ 
dually passes off in its turn, and is succeeded by a fetid ammo- 
niacal odour. This odour appears much sooner in the urine of 
old individuals than in that of young persons. It h^ a disagree¬ 
able, bitter, saline taste, of very various de^ees of intensity, 
sometimes serslight that it cap barely be perceived. Jn such case^ 
the urine is nearly*colourlcss; when high-coloured, the taste is 
always strong. \ • 

Nothing is more various than the colour of urine. Most com¬ 
monly it is yelU>w, of various shades. Sometimes it passes into « 
orange, or even into re4. It is said to be deeper in men. than in 
women, but I have nbt been able^ to satisfy jnyself that silch a 
difference exists. There is^an intimate connection between the 
depth of the shade and the quantity emitted. When th^ urine is 
scanty it is always high-col6ured ; hence one reason of Jthe red 
colour of urine in fevers. When the quantity emitted is gneat 
the colour is pale. I have seen it in cases of hysteria so nearly 
colourless tliat the presence of the usual*constituents urine 

could only be discovered by concentrating it By this treatment 
it gradually acquires the yellow colour of common* urine, and 
may be even made red by carrying the concentration farther. Some¬ 
times urine contains bile, which gives it an orange tint. Muriatic 
acid changes the colour of urine containing bile to green. Oc¬ 
casionally the colour of urine is so deep tliat it appears black. 
This change is sometimes owing to a mixture of blood; but some¬ 
times to substances taken into the stomach. Thus, when prepa¬ 
rations of iron arc given at the same time witU rhubarb the urine 
is said to assume a blackish colour. Urine has frequently a red 
colour, and the shade varies from rose-red to scarlet Red urine 
usually characterizes an inflammatory state of the system. Such 
urine is always scanty. Othe^ colours artj mentioned by medical 
men. Thus urine has been described as grayish, greenish, and 
itt^coloured. Dr Prout mention^ a case in which it threw up a 
cream-like milk. Such urine might be called white, and proba-* 
bly owed its peculiar qualities to the presence of chyle. 

Lecanu* examined 93 different specimens of urine, and has 
given us the following table of their colours: 

28 had a light-yellow colour. 


* Jour, de Pharmacie, xxv. 694. 
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‘ 24 had a deep-yellow colour. 

27 had a red colour. 

7 had a greenish colour. 

7 had a brown colour.* 

The* smell of urine is* varied by causes apparently trifling. 
^Asparagus gives it a peculiar fetid odour, while oil of turpen¬ 
tined taken into the stomach soon communicates to luriiie the smell 
of violets. In many individunls almost every article of food pro- 
duces^a corresponding change on the odour of urine. In the 
disease called diabetes the urine has a peculiar odour, not easily 
des(^bed. Perhaps the term sweetish might be applied to it 
The specific grayity of uripe varies very much according to 
circumstances. The following table exhibits the extremes as 
stated by various chemists and physiologists: 

» Cruikshanks. tChoseat. Lccanu. Thomson. 

M^.ximum, 1*033 . 1*0388 . 1*038 . 1*048 

Minimum, 1*005 . 1*0016. . 1*010 . 1*000148 

Both of the urines whose specific gravity were determined by 
me, were the urines of disease. The first in a case of diabetes, 
and the second in a case of hysteria. 

The following table exhibits the mean specific gravity of the 
urine of eight individuals experimented on by Chossatf The 
second column gives the mean quantity of solid matter in the 
urine of each individual passed in twenty-four hours: 



Sp. gravity. 

Solid contents 
in Grains. 


1*Q127 

307*5 


1*0156 

389. 


1*0178 

390*6 


. 1*0213 

500*4 


1*0222' . 

513*1 


1*0232 

534*3 


1*0240 

510*9 

1% 

1*0264 

568*2 

fl 

. Mean, 1*0204 

464*25 


According to this table of Chossat the mean specific gravity of 

urine in a state of heaHh is 1*0204. I have found the mean spe- 
» 

* Jour, de Pharm. xxvi. 202. t Jour, de Physiol, v. 197. 
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cific gravity of the^llrine of a middle aged man in perfect health 
to be 1 *01385. varied in the course of^ fortnight from 1*0093 
to 1*0192. Bul^it was observed occasionally as high as 1*0266. 
Lecanmfound the mean specific gravity of the urine of young men 
greater than that of old persons.* According to ^cqu^rel the 
mean specific^ gravity of urine is as follows: 

In males, . . 1*0180 • 

In females, . ^. * 1*01512 

Mean, . 1*01656 ^ 

I found in a healthy middle aged individual the mean quan¬ 
tity of urine voided in •twenty-four hours, amount to 3^ IbSarvoir-* 
dupois. But it varied a great deal, being sometimes as low as 
2*133 lbs., and sometimes dS high as 4*857 lbs. , • 

Lecanu has giv^n us a considerable series of facts on tlie quan- 
tity of urine voided by difierent individuals in twenty-four hoqys: 

In thirteen individuals it varied from 1*16 lbs. to 5*007 lbs. 

In five young men from,the age of 20 to that of 40 year^ the 
quantity of urine voided in 24 hours, varied from 1*6V lbs. to 
5*007 lbs. 

In young men the quantity of urine voided is greater fhan in 
old men or in infants. 

When we take^the mean of a number of days, the quantity of 
urine voided in 24 hours by difierent individuals approaches 
much nearer to equality. 

The mean of 48 experiments gives 2*795 lbs. avoirdupois for 
the quantity of urine voided in 24 hours. ^ 

Haller states it at 3*457 lbs. • 

Prout at, . 2*300 

Bostock, . 2*822 

Raycr, . 2*771 . 

Ijecanu, .* 2*795 • 

Thomson, *. i*333 • 

Mean, . 2*913, or very nearly 3 lbs. 

avoirdupois. , • 

According to Becquerel,t the mean quantity of urine in 24 
hours, is, • 


• Jour, de Pharmacic, xxv. 695. 


t Semeiotique des Urine, p. 6. 
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r In males, 2*794 lbs. avoirdupois. 

In feme^es 3*024 lbs. 

Mean, . 2*909 lbs. * 

This agrees nearly with the result of Lecanu. 

The /][uantity of urine 4®pend8 partly upon the quantity and 
nature of the food. The average quantity is greater when the 
food is generous and abundant than when it ifs meagre and scan> 
ty. Chossat found, however,- that the quantity of urine voided 
was greater when the food was bread than when it was restrict¬ 
ed to flesh meat. He found also that the secretion of urine is 
dimisheid in the evening. But to this ^ere must be many ex¬ 
ceptions ; for I did hot find it so in the cases that came under 
my observation. 

A good deal of loose statements have been made respecting 
tbe quantity of urine voided at different times of the day, and 
respecting the specific gravity of the urine when so voided; per¬ 
haps the following table may not be altogether useless. The ex¬ 
periments were made on the urine of a healthy individual be¬ 
tween 50 and 60 years of age, and complete reliance may be 
placed upon the results^ as every precaution was taken to insure 
accuracy: 



September 23d. 

_A*_ 


September 24th. 

_ A. 


When 

Cub. in. 

T’ 

Sp. gravity 

^ When 

Cub. in. Sp. 

-\ 

gn»vity. 

voided. 

at95“. 

at 60“. 

voided. 

at 95°. 

at 60°. 

1 1 A* MT. 

4* 

1*0192 

11 A. H. 

5*75 

1*0173 

1 F. 

7 75 

1*0165 

12§^ V. M. 

6*75 

1*01605 

24 

4 8 

1*0126 

14 

9*75 

1*0069 

3i 

35 

1*0176 

24 

8* 

1*00808 

44 

4-8 

1*0186 

44 

5*75 

1*0136 

9i 

7'5 

1*0206 


5*5 

1 0146 

114 

4*0 

1*0226 

94 

8*2 

1*0186 

1 A. H. 

14-0 

— 

12 

10* 

1*0146 

4 

24*0 ' 

1*0126 

4 A. M. 

23* 

1 *0115 

H 

9*75 

1*0106 

8 

10*25 

1*0136 

84 

6,-25 

1*0126 

84 

3*75 

1*0156 

9 

4*50 

1*0156 

— 

— 

— 

Total, . 

94*85 or 
3*403 IbB. 
Mean, 

1*01249 

Total, 

96*7 or 

3*47 lbs. 

Mean, 

1*01301 
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September 2^h. September 26*b. 



- ^ 

.. . ■ ■ > 



- -V 

When 

Cub. in.* 

Spr. KT. 

When* 

Cub. in. 

Spr. fjr. 

voided. 

at 95* 

at 60“. 

voided. 

at 95®. 

at 60“. 

11 J A. 

6- 

1*0187 

11 A. M. 

8*8 

1 0126 

1 F. M. 

7*5 

1*0113 

Noon, 

7:5 • 

1 0086 

2i 

4-8 

1*0101 

lip. M. 

8* 

•1 0114 


5 5 

1 00958 

2 I 

7* 

1*0101 


<5-5 

1 *0126 

5 

5* 

1*0156 

10 

8*8 • 

1*0166 


8*5 

1*0055 

Hi 

S-5 

1*01059 

94 • 

7*8 

1*0126 

5 A. M. 

25 5 

1*01059 


8*25 

1*0065 

8 

8- 

1 01059 

11 

6*25 

P*0065 


5-5 

1*0115 

Hi 

3*66 

1*0065 

• • • 

m 

» • 

• mm 

3 A. M. 

23 

1*0065 

» ■ « 

• mm 

• • •• 

6 

18*8 

• 1*0086 

« • • 

• mm 

• 


€3*5 

f *6065 

• • • 

• mm 

• * ■ 

• 8i^ 

«* 

1*0080 

Total, 

SO'C or 

m 

Total, 

134*06 or 

• 


3'1 lbs. 



4*875 lbs. 

m 

• 


Mean, a. 

l*0Jl5C 

• 

Mean, 

*1 *0093 

September 27tli. 



October 1st. 

• 


_ ^ 



1*1 - 


f “ 





> 

10^ A. M. 

4* 

1*0240 

11 A. M.* 

4*5 

I *0204 

Noon, 

8-8 

1*0117 

1 .V P. M. 

6*5 

•“IOI 75 

12.4 P. M. 

8-2 

1 *0047 

. 3l 

6*75 

1*0111 

H 

7*8 

1 0082 

54 

4*8 • 

1*0156 

2i 

6- 

1*0082 

10“ 

9* 

J-0146 

4 

.5-8 

1*0106 

Hi 

16* 

1*0096 

f> 

6-20 

1 0115 

5^ A. M. 

25* 

1 0075 

7tt 

2-25 

1*0166 

8 

9*. 

1*0101 

Hi 

7'8 

1*0216 

Si 

5*75 

1*0101 

54 A- M. 

20- 

1*0106 

• • • \ 

• • # 

• • • 

8 

11- 

1*0106 

* • • 

• • • 

m • m 

9 

5 5 

1 *0106 

m m m 

• ■ • 

m 0 m 

Total, 

04‘4 or 


Total, 

87*3 or 



3*424 lbs. 



3*rt lbs. 



Mean, 

1*01199 


Mean, 

1*0111 


October 2d. 



October 3d. 



A-- 



A a 


r 



r 



11^ A. &t. 

6*25 

1*0197 

1 li A. Ml 

0* 

1*0192 

1 h p. »r. 

4* 

1*0197 • 

ll P. M. 

• 8*75 

1-0152 

4i 

i- 

1-0188 


6*5 

1 *013(1 

6 

4- 

1 0201 • 


3*25 

1 *0206 

m 

525 

1 0226 

6 

1*8 • 

1*0206 

11 

5 25 

1 *0216 

10 

6* 

1*0246 

A» W« 

25* 

1 0086 

114 

4* • 

1-0266 

8 

11*5 

1*0086 

Ojf A. M.* 

12*5 

1-0-246 


7* 

1 *0106 

8 

9*25 

1^0176 





10*5 

1*0146 

Total, . 

72*75 or 


Total, . * 

‘68*55 or 



2*626 lbs. 



2i lbs. 



Mean, 

1 01.34 


Mean, 

10192 
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^ October 4th. 


ictober 5tb. 


When 

Cub. in. 

Sp. gr. 

voided. 

at 95*. 

at 60*. 

11:1 A. M. 

8*5 

1-01809 

12^ P. JM. 

8* 

1-9134 

1 

14*75 

1*0077 


9*5 

1*00958 

5 

4*8 

I.0I31 

n 

8-5 

J-OHf 

12 ^ 

8*5 

1*0166 

6 A. M. 

24* 

1-00958 

8 

la¬ 

1-00958 


s’ 

1-0106 


t " * 


When 

Cub., in. 

Sp. gr. 

voided. 

at 95*. 

at 60*. 

Noon 

7.75 

1*0186 

1 P. M. 

8.5 

1-0098 


7- . 

1*0098 

' 4 

7-2 

1*0115 

H 

5* 

1*0146 

10 

5- 

1*0216 

iif 

2- 

1-0256 

7f A. M. 

12* 

1*0256 

Si 

4- 

1*0236 


Q 


Totol, 


102*55 or 
4*386 lbs. 
Mean, 


1*0192 


Total, 


58*48 or 
2 *133 lbs. 
M^an, 


1*0173 


From the inspection of the preceding tables it will be at once 
ap|)arcnt how very various the urine is both in its quantity and 
specific gravity, even when the individual voiding it enjoys per¬ 
fect health. 


The mean specific gravity “of the urine passed during these 
ten days is 1‘013859. The lowest specific gravity is 1*0047, 
and the highest, 1*0266. 

The mean quantity passed per day was 90*91 cubic inches, or 
3*307 lbs. avoirdupois. The least passed on any day was 58*15 
cubic inches, or 2*133 lbs.; the greatest quantity was 133*37 cu¬ 
bic inches, or 4*857 lbs. 

The preceding tables do not tally well with the universally 
received opinion ttiat the heaviest urine is that which is passed on 
getting up in the morning. This was not the case in any one of 
the ten days contained in the tables. On the contrary, the light¬ 
est urine pa^d on the 23d of September, the 1st October, and 
the 2d of October was that of the morning, and on all the other 
da^s, save one, the lightest urine was that passed between twelve 
and four r. m.- from four to eight hours after breakfast, but be¬ 
fore dinner.* On the contrary, the heaviest urine was in one 
case passed one hour after dinner, and generally from three and 
a-half to five and a-half hours after a meal. 

1 made a comparison between the liquid taken into the sto- 


* Breakfast was between eight and nine a. m. dinner at four r. m., and tea 
at six p. M. There was no supper. 


4 



URINE. 


% 


467 


mach and the urine })assed for live consecutive dayi^. Some 
days the urine exceeded the drink; but upon the whole^ the 
drink was to the* urine nearly as eleven to ten. On one day the 
drink whs to the urine as 100 *. 68*2, on another as 7t3^ '. 102*02. 
If the induction were sufficient, it would follow that the drink 
exceeds the urine by one-tenjth part. Hence if the, mean quan-» 
tity of urine voided by 2*913 lbs., that of the drink will be 3*204 
lbs. Chossat states that in his very numerous trials, the average 
quantity of drink was to that of the urine as ten to nine fiearly. 
Varying soraevdiat according to the temperature, the quantity of • 
urine being greatest in ihe coldest weather. , 

The number of timds that uriiie,is voided ip twenty-four Kours 
varies greatly in different individuals. 1 know an individqpl who 
enjoys good health, and who passes urine at an average oflly three 
or four times a-dj^. The greatest sumber of times in the pre¬ 
ceding tables is fourteen times and the smallest nine times. • 
When urine is voided from a person in perfect health, it al¬ 
ways contains an uncombiimd acid; for it reddens litmus-paper, 
and the change is permanent, and .therefore not owing to carbo¬ 
nic acid. Various opinions have been stated respecting tjje na¬ 
ture of this acid. Proust and ¥ourcroy and Vauquelin suppos¬ 
ed it to be the phosphoric. Urine contains a small quantity of 
phosphate of lime/ which may be precipitated from it by by caus¬ 
tic ammonia. Now, as phosphate of lime is insoluble in water, 
while a little of it is actually held in solution in urine, it was not 
unreasonable to conjecture that it was in the state of biphosphate 
’ of lime, which is slightly soluble in water, and capable of red¬ 
dening litmus-paper. But a very simple experiment is sufficient* 
to show that urine contains no biphosphate of lime. Evaporate 
urine to dryness and ignite the residue. The residual salts do 
not act on litmus-paper. Hcyce the fred acid must be volatile, 

, since it is dissipated by a red heat ^ 

Berzelius affirms that urine contains lactate of ammonia and 
free lactic acid. I have not been able to verify this statement • 
by experiment; the quantity obtained bping ahvays too small 
to enable me to investigate its nature. 1 mixed sulphuric acidT 
with fresh urine till it tasted distinctly acid, and distilled over a 
third of the mixture from a glass retort, by means of a gentle 
heat. The liquid thus obtained was tasteless, and had no per- 
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ceptible shiell. It slightly reddened litmus-paper. It was 
mixed with carbonate of soda, till it became slightly alkaline. 
Being now evaporated to dryness, and a drop df sulphuric acid 
let fall upon .the small saline residue, a smell was emitted*strong- 
ly urinous, but mixed with a sensible odour of vinegar. Hence 
,jt was obvious that acretic acid existed in the residue. But it 
might have been formed from lactic acid during the process. For 
Scheele showed long ago that lactic acid is very easily converted 
into acetic acid. 

Urine contains always some uric add, as was first observed by 
Scheele. It separates in minute crystals when the urine is 
mixed with nitric acid, and set aside for some time in an open 
glass vessel. Berzelius states the average quantity of uric acid 
in urine,at ii>V 5 thof its weight. Lec^nu states the uric acid in 
100 urine to be 0'75. A copious table of tlie (juantity of uric 
acrJ in many different specimens of urine, as determined by Le- 
eanu, will be given in a subsequent part of the present chapter. 
I found .that 1000 parts of urine of the specific gravity 10*185 
let fall 0*242 of uric acid when mixed with nitric acid. Now, 
according to the experiments of Prout, uric acid does not dis¬ 
solve in 10,000 times its weight of water, while urate of ammonia 
is soluble in about 500 times its weight of that fluid. Hence it 
is natural to infel* that uric acid in urine is in the state of urate 
of ammonia. And, as urate of ammonia reddens vegetable blues, 
the acidity of the urine may be partly owing to the presence of 
urate of ammonia. 

The most rema-kable substance in urine is urea. According 
Ido Berzelius, it exists in unne to the amount of 3 per cent. But 
he does hot give us the specific gravity of the urine tried. Le- 
canu found that urine of sp. gr. 1*030 contained 2*94 per cent. 

I obtained from urine of specific gravity 1*0185 2*364 per cent, 
of urea. A copious table of the quantity contained in diffwent 
urines will be given at tlie etid of'this chapter. * 

Besides these substances, and the colouring matter, which has 
not hitherto been obtained in a separate state, urine contains always 
phosphoric and sulphuric acids, together with lime, magnesia, po¬ 
tash, and ammonia, and a notable quantity of common salt. 

The first analysis of urine was published by Berzelius in 1813 . 
He does not give the specific gravity of the urine examined by 
him. But he states that it became turbid on standing. Hence 
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it could not have beeu the urine of a healthy individual. The 


result of his anaj^is was as follows: • 

Water, .... 933*00 

Urea,** * . . , 30*10 

Sulphate of potash, . . • . * 3*71 

Sulphate of soda, , • . . •. 3-16» 

Phosphate of soda, . ... 2*94 

Common salt, . . * * . . 4*45 

Phosphate of ammonia, . . 1*65 

Sal-ammoniac,* . . . .1*50 


Free lactic acid, ^ • . . , . 

Lactate of ammonia, • • 

Animal matter soluble in alaohol, and accompanying 
the lactates, . ^ . 

Animal matter insoluble m alcohol, • 

Urea not separated, 

Earthy phosphates, with trace of fluatc of lime. 

Uric Jicid, , * . 

Mucus of the bladder. 

Silica, . ... 



. 17 14 


1*00 

•• 1*00 
0*32 
• 0*03 


1000* t 

I made an analysis of healthy urine of specific gravity 1*0185 
about the year 1824, and obtained from 1000 grains of it the 
following substances; 


Phosphate of lime. 

0*209 

Phosphoric acid. 

mSi 

Sulphuric acid. 

0*481 

Chlorine, 

5*782 

Uric acid, 

, 0*242 

Soda, . • 

4^610 


• MM. Cap and Henjy have shownexperiments w'hich appear conclurive, 
that the urea in urine is in the state of lactate, being combined with lactic acid. 
See Jour, de Pharm. xxv. 133. 

Lactate of urea is composed of, • 

1 atom lactic acid, 8'875 * 

1 atom urea, . 7*5 


t Annals of Philosophy, ii. 423. 


16-375 
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* Potash^ . . 2*051 

Ammoiiia, . . 0*1^0 

Urea, . . 23*640 


• ' 38*276 

•and 1 considered that these substances were^combined so as to 
form the following bodies: 

Urate of ammonia, . 0*298 

Sal-ammonia, . 0*459 

Sulphate of potash, . 2*112 

Chlofide of potassium, ^ 3*674 
Chloride of sodium, 15*060 

, Phosphate of soda, . 4*267 

' Phosphate of lime, , . 0*209 

' Acetate of soda, . 2*770 

Urea with colouring matter, 23*640 


52*489 

The rest of the weight consisted of water together with a free 
acid, which may be the lactic.* 

But by far the most numerous set of experiments on the con¬ 
stitution of urine has been made by M. Lecanu. llis object was 
to determine the quantity of urine voided in twenty-four hours, 
its specific gravity, and the weight of the urea, uric acid, and salts 
which each urine contained. Before givhig the table of his re¬ 
sults, it will be worth while to state the general facts brought to 
^ light by his numerous experiments. They may be stated very 
shortly.. 

1. The urine of young men has usually a higher specific gra¬ 
vity than that of old men or infants. 

2. The quantity of urea voided in twenty-four hours is very 
diffarent in difierent individuals.o One man, for instance, voided 
509*3 grains, and another only 185*3 grains. 

3. But in the same individual the quantity of urea voided in 
twenty-four hours does not vary much, as will appear from the 
folloT^ng table of Lccanu :f 

In A,;t it varied from 334*9 grains to 478*4 grains. 

B, . 360*4 . 478*4 

* Records of General Science, ii. 13. f Jour, de Pbarmacie, xxv. 746. 

X These letters refer to the individuals whose urine is given in a subsequent 
table. 
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A 

% 

C, '. 

334*9 

457*5 

D, . .' 

416*7 . , 

463*0 

E, • . 

416*7 

509*3 

H, 

154*3 

185*^ 


4. When the aqueous portion of |he urine is increased, the 

quantity of urea voided do^ not undergo a corr^onding in¬ 
crease. ' • 

5. The quantity of urea does nqtb*bear a constant ratio to the 

specific gravity of the urine. • 

6. The quantity of uric acid voided in twenty-four hours was 4 
found to vary from 1*3'J3 grains to 14*307 grains. , 

7. Healthy urine cdhtains from,y^2 to iJjtj^jth of its Veight* 
of uric acid. 

8. The uric acid voided docs not hear a constant ratio to the 

quantity of urine.* * « , 

9. The quantity of fixed salts in urine varies in twenty-four 
hours from 378 grains to 74*8 grains. 

10. The earthy phospliates voided in t\^enty-four hours were 
found to vary from 30*25 to 0*447 grains; There is no difference 
between the quantity of these salts in the urine of infants and of 
young men; but the quantity in the urine of old persons is sen¬ 
sibly less. 

11. The quantity of common salt in urine voided in twenty- 
four hours varies from 116*5 to 0*247 grain. 

12. The quantity of sulphuric acid in urine voided in twenty- 
four hours varies from 57*5 to 15*25 grains. 

13. The quantity of phosphoric acid in the phosphate of soda 
and ammonia contained in urine voided in twenty-four hours, va-* 
ries from 25*37 to 0*17 grain. 

From these facts Lecanu has drawn the following conclu¬ 
sions ;— , • 

1. In the same individual the urea is secreted in equal quan¬ 
tities in equal times. * 

2. Uric acid, also, in the same individual, is secreted in equal • 

quantities in equal times. , • 

3. The secretion of urea and uric acid varies very much in dif-« 
ferent individuals during equal times. 

4. The variable quantities of urea whichi different individuals 
secrete during equal times, bear a constant ratio to the sex and 
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age of thef individuals. They are greater in men in the vigour 
of life than in wornem in the same vigour «f life. They are 
greater in middle-aged women than in old persons or infants. 

5. The fijied constituents of urine not driven off liy heat, 
namclyt • 

^ The earthy phosphates, • * 

• Common salt,. 

The alkaline sulphates and phosphates, 
are setreted in variable quantities, having no relation to the sex 
or age, by diflerent individuals, and also by the same individuals 
at diffenent times. « 

Tfie following table, exhibiting the result of M. Lecanu’s ex¬ 
periments, conveys a great deal o:^ important information in a 
small compass: 


No. of ' Urine void- 


Ijric acid in Urea in 24 Mucus voided 


ex^eri- < d in 24 Sp. gravity 24 hours 


ments. hours in gr. 

J ' '14168 

2 14284 

3 149h8 

4 17362 

5 11456 

6 12084 

7 18828 

8 13828 

9 13705 

10 13226 

11 15201 

12 25680 

t 

13 15804 

14 14615 

15 1409b 

16 14001 

17 17486 
13967 

19 14507' 

20 14695 

21 14229 

* 22 - 18797 

23 16791 

24 14646 


of urine. 
-• 

in groins. 

1-0301 

10-63 

1-0309 

24-31 

1-0316 

19-83 

1-0163 

’ 12-16 

1-0186 

14-21 

1-0309 

.17-68 

1-0265 

16-95 

1-0-265 

11-38 

1 -0272 

14*23 

1 0301 

13-75 

1-027-2 

19.44 

1-0238 

9-75 

1-0301 

14-38 

1-0301 

9-94 

1*0238 

7-90 

l;p3bl 

11-77 

1-0163 

20-63 

1-0301 

• 12.b2 

1 0316 

12*47 

1-0309 

13-78 

1 0235 

23 61 

1-0301 

18-21 

1-0-275 

20-48 

1-Q301 

19*48 


hours in in 24 hours 
grains. in grains. 


420 44\ 

365-85 
403-02 
427-68 
437-50 
423-77 ^ 

478-96 ^ 

410-41 

413-85 

462-6*2 

483-41 

436-37 y 

452-23 
402 83 
373-39 
422-79 
481-93 
473-75 
422-88 
466-23 
422-38 

394- 87 
462-76 

395- 80 



* Jour, de Pharmacie, xxv. 758. 
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No. of 
experi¬ 
ments. 

Urine void¬ 
ed in 24 ^>. gravity 
hours in gr.^ of urine. 

Uric acid void¬ 
ed in 24 hours 
in grains. 

Urea in 24 MuciA voided 
hours in in 24 hours 
^grains. in grains. 

25 

•17578 

10380 

17-58 

462-60 


26 

13920 

• • • 

19-00 

360-58 1 


27 

15279 

1-0275 

8-91 • 

372-57 

# 

28 

15495 

J 0275 

• 20-16 

459-92 

• • 

29 

13411 

J-0386 

17-98 

, 4.37-67 

' loco 

80 

12686 

1 -0316 

21-8^* 

376-26 


31 

124^5 

1 0386 

18-74 

357-35, 

• 

32 

16791 

1-0267 

14-04 

/ 



• 





33 

60575 

loiog 

• •• 

419-20. 

• 

34 

48845 

1-0137 

... 

46^^89 ) 

•• • 

35 

331.50 

1-0117 

23-& 

456.?12 f 

- 25.16 D. 

36 

31452 

1-0195 

• 

466-80) 

• 

• 

37 

26437 

• 1-02.32 

• 5-82 , 

501-06t 

• 

• 

38 

25897 

1 0225 

6-99 

480-28 ] 


39 

22162 

10210 

3-78 

446 -35 \ 

4-81 E. 

40 

26885 

1-0172 

4-85 

4g4-63 1 


41 

29415 

1-0180 

2-36 

467-70 I 

*• 

42 

29817 

1-0180 

4-17 

4-26-63' 

• 

43 

31422 

1-0210 

4 -40 . 

283-09^ 

t 

44 

35048 

10217 

3-50 

371-47 


45 

24801 

1-0-230 

8-92 

379-90 


46 

30125 

• 1-0-208 

4-22 

383-03 


47 

33798 

1-0225 

5-54 

447-82 


48 

34778 

1-0180 

3-47 

331-84 

1 5-86 F. 

49 

29554 

1 -0202 

7-08 

235 00 


50 

28396 

1-0195 

2-84 

179-95 


51 

30712 

1-0195 

8-21 

248‘G« 


52 

30249 

1-0217 

13-89 

272-70 j 


53 

8812 

1 0-217 

464 

92-01. 

• 

54 

10957 

1-0207 

5-48 

92-91 I 

• 

55 

10741 

1-0202 

6-23 

• 96-02 1 


56 

8519 

1-0202 

3-92 

'3'^-23 j 

i 100 a 

57 

9291 

10172 

• 3-54 

60-35 


58 

11760 

1-0180 

3-06 

87-27/ 

• 

59 

10155 

1 -0-202 

3-86 

161-46^ 

m 

60 

16050 

1-0149 

2-25 

*187-131 

f 

A 

61 

12346 

1-0189 

3-70 

183-22 

" • . H • 

i 

62 

• ■ ■ 

1-0100 

1 94 

189-26J 

1 
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63 

28057 

64 

1861Sf 

65 

*23782 

66 

17748 

6r 

17205 

68 

15927 

69 

, 23665 

70 

31560 

71 

,11667 

72. 

• 8411 

73 

8257 


• 

74 

.44430 

75 

11651 

76 

* 16822 

h 

14815 

78 

9661 

79 

*14584 

80 

12578 

81 

f 8102 

82 

15232 

83 

15680 

84 

8441 

85 

10417 

86 

10787 

87 

10390 

88 

9630 

89 

8581 

90 

3503 

91 

3472 

92 

5016 

9b 

4275 


IIQUID PARTS OF AN IMALS, 

r 

Uric add void. Urea 24 Mucus voided 
Sp. gravity ed in 24 hours faoura in in 24 hours 
of uride. in grains. grain!. ^ in grains. 


10187 6*71 

• 1*0208 10*79 

1*0195 • 5 89 

1*0232 7*45 

1*0217 6-22 

1*0202' . f 6*05 

1*0224 7*92 

1*0144 7*25 


297*51 V 
276*22 I 
25*2*08 I 
262*57 V • 

238*lb / 5*79 I. 

208*14 I 
34.3*54 I 
2j0-90/ 


1*0223 

6*76 

1*0*253 

7*08 

1*0238 

* 7*10 

1 0238 

11*25 


7*90 

1*0268 

10*76 

1*0208 

6*53 

1*0227 

4*24 

1 0241 

10*50 

1*0208 

6*28 

1*0324 

. 5*66 

1*0202 

2*75 

1*0187 

1*88 

10215 

3*87 

1*0230 

1*66 

1*0230 

5*60 

1*0238 

5*17 

1*0238 

4*31 

1*0268 

1*37 


^173*16 j 

167*22 ( 2*08 J. 

153*19) 



193*70 

216*10 

219*2^ 

253*73 


} 



4*81 


0*45 


Quantity 

imponde¬ 

rable. 


K. 


L. 


M. 


N. 


1*0245 

0*96 

65*44 

1*0215 

0*89 

57*26 

1*()2^8 

1*08 

81*80 

1*0227 

2*47 

81*80 


O. 


P. 


To understand this table fully, the following observations will 
be necessary * 

' 1. The urine A, from 1 to 12 incluave, was voided by a young 
man of twenty years of age, of a lymphatic temperament, lead* 
ing an active life, and using an abundant and varied diet. 

2. The urine fi, from 13 to 24 inclusive, was voided by a young 
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man of 22, of a goc;^ constitution, of a sanguine telbperament, 
leading the sain9 life, and living in the same way as A. 

3. Urine C, from 25 to 32 includve, was from a man aged 

38 years, of a good constitution, .of a lymphatico-canguine tem> 
perament, leading an active life, and using an abundant and va¬ 
ried diet. * • • • 

4. Urine D, from 33 to 36 inclusi\e, was from a man of 43 

years of age, of a good constitution, of a lymphatico-sanguine 
temperament, confined to bed from a rupture of the pdrineum. 
His food was soup in the morning, meat and soup at noon, soup^ 
meat, and vegetables at five p. m., and from twelve to*^i^hteQp 
ounces of wine daify. When .thirsty, ha drank barley-water 
sweetened with honey. • , 

5. Urine £, from 37 to 42 inclusive, from a man o&35 years 
of age, of an atHletic constitution,«. bilious temperament, con¬ 
fined to his chamber in consequence of a fracture of one of the 
clavicles. His food was similar to that of D. 

6. Urine F, from 43 to 52 inclusive, from a man •aged 38 
years, of a good constitution, a lymphatic temperament, taking 
abundant and varied nourishment, ^d a good deal of eiercise. 

7. Urine G, from 53 to 58 inclusive, voided by an old man of 
86 years of age, of a sanguine temperament, free from infirmity, 
and living well. • 

8. Urine H, from 59 to 62 inclusive, voided by an old man of 
85, of a good constitution, a sanguine temperament, his urinary 
organs sound, and living well. 

9. Urine I, from 63 to 70 inclusive, voided by a woman of 28 
years of age, of a sanguine temperament, of a good cqnstitution, 
using an abundant and varied diet and moderate exercise. 

10. Urine J,from 71 to 73 inclusive, from a woman of 43, of 

a good constitution, a bilious temperament, subjected to a good 
alimentary regimen. , . 

11. Urine K, from 74 to 77 inclusive, from a^irl aged 19, of 

a good constitution, a lymphatico-sanguinc temperament, suU^ 
jected to a good alimentary regimen. • * 

12. Urine L, from 78 to 81 inclusive, from a girl of 19, of*a 
good constitution, a lymphatic temperament, and well fed. 

13. Urine M, from 82 to 85 inclusive, from a boy aged 8 years, 
in robust health, of a sanguine temperament, and confined to 
bed from a wound in the leg. 
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14. Urine N, from 86 to to 89 inclu^ve; from a boy of 8 
years, of a good constit<ition, and a sanguine temperament, con¬ 
fined to bed for a phymosis. 

15. Urine O, fi;om 90 to 92 inclusive, from an infant of 3 
years, a Vobust constitution/ and a sanguine temperament. 

• 16. Urine P, No. 93, from a child of 4 years, of a good size, 
and a lymphatic temperament. 

17. The whole of the urine Voided by the children O and P 
could not be collected. M, Iwccanu conceives that the half of it 
was lost. * 

IS.^The temperatiye at which the specific gravity of the urine 
was taken varied from 68® to 46®, but most commonly it was be¬ 
tween 50° and 60°. 

19, Tlib greatest quantity of urine voided in twenty-four hours 
was No.*^ 33. It amounted to 30575 grains, or 8*65 pounds avoir¬ 
dupois, but in four days the quantity was reduced to 31452 
gi’ains,- or 4*49 pounds^ avoirdupois. The smallest quantity~(cx- 
cept that of infants) w'as No. 73, 8257 grains, or 1*18 pounds, 
voided by a yroman of 43 years of age. 

20. The highest specific gravity was 1 *0386, and the lowest, 

1 * 0100 . 

MM, Cap and Henri are of opinion that urca'cxists in urine 
in the state of lactate of urea, and they have ^lown by experi¬ 
ments, which appear conclusive, that healthy urine actually con¬ 
tains lactate of urea.* But it would be difficult to prove that all 
the urea in healthy urine is in the state of lactate. 

Dr Alfred Becqfiercl f has lately analyzed a great number of 
urines, both from individuals in health and disease. The follow¬ 
ing table exliibits tlie mean quantity, the specific gravity, and the 
relative constituents of healthy urine deduced from the analysis 
of the urine of eight h'ialthy individuals, four males, and four fe- 


maler: . 

Mean quantity in twenty-four hours, . 

In males. 
2-794 lbs. 

In females. 

3-024 lbs. 

Mean specific gravity. 

1-0180 

1*01512 

Mean quantity of water. 

2*7070 

2*948 

Do. of solid constituents, 

0*0870 

0*0754 

Do. of m:ea,‘ 

0*0386 

0*03433 

Do. of uric acid. 

0*0010 

0*00122 

Jour. d« Pharm. xxvii. t Semeiotique des Urine, p. 7. 

3 
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* In males. • In females. 

Mean of fixed salts capable of ignition, 0*0214 0*01855 

Do. of organic «^ts, . *. * 0*0260 0*02130 

, Means, supposing the urine to weigh 1000. 

Mean water, . . 968^815* 971*935 

solid constituents, . * 31*185 ^8*066 

urea,* •. .* . 13*8.38 * 12*J02* 

uric acid, . , ^ • 0*557 0*398 

fixed sfilts, . * . 8*426 ^*919 

organic stilts, . . 9*655 8*647 

The fixed salts were chlorides, phosphates, and sulphates of lime, 
soda, pottish, and magnesia. The organic «alts w'cre la9tate of 
ammonia, lactic acid, colouring matter, extfactive matters, sal- 
ammoniac, and perhaps laefate of urea. • 

Such arc the properties, «and such the constituents of human 
urine in a state of health. But this excretion is singularly modi¬ 
fied by disease, and the changes to which it is liable have at- 
tr.'icted the attention of physicians in all ages, as serving to point 
out the state of the patient, and the progress of the disefifee under 
which he labours. It is greatly to be regretted that.but few ac¬ 
curate chemical examinations of the ^rine of individuals Rlbour- 
ing under particular diseases have yet been made. The few ge¬ 
neral observations^ that have been made by mejical men are the 
following:— 

M. Alfred Becquerel has made many analyses of diseased 
urine to determine the alterations which take place in its consti¬ 
tuents. The following abstract exhibits the most important facts 
which he determined : ^ 

1. The quantity of uric acid is augmented by fcvcp and by 
functional disorders, such as diseases of the heart, lungs, liver. 
Sec. AVlieii it is superabundant, the uryic deposits a sediment 
of uric acid. It is diminished fti chlorosis, afiemia, great prostra¬ 
tion of strength: • , • 

Mean normal quantity in 24 hours, sp. gr. kO16437 

water in 24 hours, . . 1*302 lbs. * 

uric acid in do. . • . 0*00123 lbs. ^ 

Mean excess, . . . 1*021654 

water in 24 hours, . . 1*441 lbs. 

uric acid in do. . . 0*0023 lbs. 

Mean deficiency, . . . 1*011855 

water in 24 hours, . . 2*3832 lbs. 

uric acid in do. . . 0*00048 lbs. 
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2. The tirea seldom exceeds the RonnEl ^quEntity. It is often 

deficient o • * ^ 

Normal quantity. 

• Sp. gr, 1*01656. 

V Water in 24. hours, . 2*8275 lbs. 

^ ^ Urea in 24 hours, ,. 0*03646 

(1^) In erysipelas, fever, bronchitis, &c. 

Sp. gr. 1*021014, 

Water in 24 hours, . 1*5394 lbs. 

Urea in do. . . 0*0198 

(2.) Eale urine in chlorosis, anemia, .prostration of strength 
from loss of blood, tjedious diseases, &c. 

Sp. gr. 1*011837. 

> Water in 24 hours, . 2*56 lbs. 

, Urea in do. <i . 0*0i543 

(3.) Urine from persons exhausted by disease, excessive bleed¬ 
ing by leeches, &c. 

• • I Sp. gr. 1*01488. 

Water in 24 jiours, . 1*3116 lbs. 

^ Urea in do. ^ . 0*01084 

3. Fixed salts, —Tlie variation in the quantity of fixed salts re¬ 
sembles that of urea, as will appear by the following statement: 

(1.) Normal urine. • 

Sp. gr. 1*01656. 

Water in 24 hours, . 2*8275 lbs. 

Fixed salts in do. . 0*01997 

(2.) In fevers w;ith great prostration of strength, diminished 
urea and water. 

Sp. gr. 1*022218. 

^ Water in 24 houri^ . 1*3696 

Fixed sElts in do. . . 0*01157 

(3.) In chlorosis^ anemia, debility from evacuation. 

Sp. gr, 1*011063. 

c< Water in 24 hours, . 2*153. lbs. 

Fixed salts in do. . 0*0094 

(4.) In fever with functionary disorders. Water diminished, 
Sp. gr. 1*024952. 

Water in 24 hours, . 1*5346 lbs. 

Fixed salts in do. . 0*00968 

(5.) In the same diseasea Quantity of water not diminished, 
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Sp.%r. 10*11550. 

• 

A^ter’in 24 hours, . ^ 

2-6704 Iba. 

Fixed salts in do. 

0-007485 

(6.) in anemia, chlorosii^ jaundice. 

• 

Sp. gr. 1*016100 

• 

• 

• Water in 24^hours, . 

2-6418 . 

Fiiced salts in do. 

0-02314' • 

When much water is thrown ii;to the system, all the consti- 

tents of urine are increased. 

• 

4. Organic sP^lts, &c. 


(1.) Normal quantity. 

• 

Sp. gr? 1*01656. 

• • • • 

Water in 24^ hours, . 

2-8275 lbs. 

Organic salts in do. 

0-0236 

(2.) In fever with funcUdnal disorders. 

% 

• 

Sp. gr. 1*020740.. 


W ater in 24 hours, . 

1*5943 lbs. 

Organic salts in do. 

•0*021656 . 

(3.) In amilar diseases with great debility which diminishes all 

e constituents of urine. 

• 

m 

Sp. gr. 1*014952. ’ 

m 

Water in 24 hours. 

1*5346 

Oaganic salts in do. . 

0*0156 

(4.) In similar disorders with diseases of the heart or liver. 

Sp.gr. 1*010500. 


Water in 24 hours, . 

2*8336 

Organic salts in do. . 

0*02088 


(5.) In extreme weakness3 anemia, chlorosis, long diseases. • 
Sp. gr. 1*012390 

Water in 24 hour^ . 2*3691 lbs. 

• Organic salts jn do, . • 0*0178 

The urea in urine is often changed into carbonate of am¬ 
monia. * 

1. In dyspepsia, according to Thenard, the urine putrefies* 

very rapidly, and is copiously precipitated by the^infusion of nut- 
galls. • • 

2. In 27^ammaft7ry'diseases'the urine is of a red colour, scan¬ 
ty, and peculiarly acrid. It deposits no sediment on standing, 
but with corrosive sublimate it yields a copious precipitate, i. 
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3. In slaw nervous fevers the urine, according to Froraherz 
and Gugert,* is dark-coloured, and deposits a,yellowish^red se¬ 
diment, consisting of uric acid with a little colodring matter and 
mucus. The urine contains very little urea, less phosphate of 
lime th^ usual, btit a great deal of phosphate of magnesia. 

Mr Macgregor found the quantity of urea passed in fever 
and small-pox nearly the same as in health. 

4. Ill ffout, according 'to Ffomherz and Gugert,t the urine, 
some time hefbre the paroxysm, was found to contain no uric 
acid and very little phosphates. The urine of another patient 


voided, ^ust before the paroxysm, was also destitute of uric acid, 
but cell alined moreihan usual of the phoi^phates. During the 
fit, (as in other fevers,) the free acid in ui'ine diminishes and dis- 
appcarslu The uric acid augments much during the fit. This is 
evident from the deposition of chalk atones in the joints of gouty 
patients, which Dr Wollaston showed to consist of Pirate of 


soda,^ 

5, T)xam^ jaundice^ tlie urine has an orange-yellow colour, 
and communicates the same tint to linen. Muriatic acid some¬ 
times rendeis this urine green, and thus detects in it tlic matter 
of bile. In gout the urine sometimes contains a yellow matter, 
similar to what Thcnard called the yellow matter of bile. This 
substance is only .suspended, and may be sepa^ted by tlie filter. 
Ticdemann and Gmelin found that the urine of patients labour¬ 
ing under jaundice is prccijntjited yellow by the sulphate of iron, 
the perchloride of iron, the protochloride of tin, the acetate of 
lead, the protonitrate of iiicrcury, and corrosive sublimate. Sul¬ 
phate of copper tlirows down a ^rty green precipitate. 

Mr Macgregor found the urea passed daily in a well-marked 
case of jaundice to be 217 grains. Specific gravity of urine 
1 *012. In another case, ^irea, 325 grains, specific gravity of urine, 
1*020. In a third, lirca, 315 grains, specific gravity of urine, 
1 * 012 . « • 


6. In general dropsy or anasarca, the serum of the blood mix¬ 
es with the uriiyj, and renders it albuminous. In such cases it 
|)ecomes milky when heated or when mixed with acids. If we 
add acetic acid, and then drop in prussiate of potash, a white pre¬ 
cipitate falls. It precipitates also with corrosive sublimate. 


• Schweigger’s Jour. 1. 205. 
t Phil. Trans. 1797, p. 386. 


t Ibid. p. 206. 
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In dropsy from dlsQ^ised liver, the urine in general is not aU 
buminous, but i^ h scanty, high-coloured, and deposits a pink 
sediment 

As the quantity of albumen increases in drppsical urine, that 
of the urea diminishes, and is said c^eii to disappear; ^though 
I have never *examjned any dropsical urine in which I was not* 
able to find traces of urea. • 

7. During hysterical paroxysms*the urine usually flows abun¬ 

dantly, it is limpid and colourless, though the colouring matter is 
not absolutely Wanting. For when sufficiently concenti*ated the * 
usual colour of urine bpgins to be perceptible^ and I havd^^ways* 
been able to detect in it the presence of urea though the quanti¬ 
ty is certainly much smaller«tlian usual. * 

It is well known that tlie most usual medicine admhiistered 
during chlorosis is protoxide of iron, •prepared in various ways. 

It has been generally admitted by physiologists, that the iron 
passes into the system, and is employed in completing the glo¬ 
bules of the blood which are defective in that disease, aad that 
the surplus is carried oft‘ by the urine. But M. Geli§ has shown 
that this plausible explanation is not ^ell founded. He examin¬ 
ed the urine of 80 patients labouring under chlorosis, and all 
under a course of iron preparations; but in none of these urines 
could the least trace of iron be detected.* 

8. In syphilis the urine of a man who had been taking mer¬ 
cury by means of the blue ointment, was found by Dr Cantu to 
contain mercury. He mixed the precipitate from the urine with 
carbonate of potash and charcoal powder, and*distilled at a red 
heat, globules of mercury were found in the receiver.f jCheval- * 
lier, who examined tlie urine of a syphilitic patient while under a 
course of mercury, found it milky, of a slightly ammofiiacal smell, 
and giving out ammonia and •sulphuretted* hydrogen. It was 

> mixed with clots of blood, and ^f course contained all the spb- 
stances that exist in that complicated liquid. Th^ constituents 
of urine could also be detected. J • 

9. The urine in a catarrkus vesicce was examined by Fromherz 
and Gugert.§ It was whitish and very muddy, had an adid re- * 

* Jour, de Pbarm. xxvii. 261. f Ann. de Chifli. et de Phys. xxvii. 835. 

* Jour, dc China. Med. i. 179. § Schweigger’s Jour. 1. 204. 

Hh 
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actiou, and deposited a sediment consisting entirely of mucus 
of the bladder, They bould find no trace of ilric acid; but the 
other constituents were present in their usual proportions. 

I have seen cases seemingly connected with catarrhus vesica; 
in which the urine when voided was usually alkaline and muddy, 
•and Jiad an excessively disiigrecable smell. Jlut I never had an 
opportunity of examining such urine chemically. The urine could 
be comidetely evacuated only by means of the aitheter. 

When urine contains pus it is muddy or soon becomes so. It 
gradually deposits a sediment and becomes transparent. The 
•sedimaiit is white, ^opaque, and in clols^ When treated with 
ether it gives out a great deal of fatty matter. When mixed 
with ammonia it becomes gelatinouA It burns, when dried, with 
a vivid fiarae. The urine when he.\ted deposits albumen. This 
urinary portion will be alkhline if the pus exists in considerable 
qufiutity. 

WTien pus is mixed with urine, the conversion of the urea in¬ 
to carbonate of ammonia is hastened. 

10. But .the disease in which the urine changes its nature most 
remarkably is diahetes. There are two species of this disease ; 
namely, diahetes insipidvs and dtahetos meUitus. In the first the 
urine is nearly ^steless; in the second, it is sweet, containing a 
considerable quantity of sugar of grapes. 

In diabetes insipidus the (pnmtity of urine is greatly augment¬ 
ed ; but it is colourless and tasteless. The specific gravity of the 
urine is low. In two cases treated in the Glasgow Infirmary, 

^ Mr Maegregor found the specific gravity to vary from 1*003 to 
1*005. • The urea voided daily in these two cases was 310 and 
400 grains. Mr Maegregor does not mention the quantity of 
urine voided daily. Qpium was found to palliate but not to cure 
this disease.* • * 

♦Diabetes mellitus (judging from the number of hospital cases), • 
seems to be a more common disease in Glasgow than in London. 
The average number of diabetic patients admitted into the Glas- 
^ gow Infirmary yearly* is 5. In this disease the quantity of urine 
is greatly augmented, sometimes amounting to 70 lbs avoirdupois 
in 24 hours. Mr Maegregor mentions a case in the Glasgow 


Maegregor's Experimental Enquiry, p. 11. 
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Infirmary, in which tlje quantity of urine voided daily amounted 
to 45 Ihs., wjiiile^its specific gravity was 1^054. The quantity of 
sugar which it contains increases with the specific gravity. The 
following table, drawn up by Dr Henry,* from hi# own experi¬ 
ments, show the quantity of solid matter contained in liiahetes 
urine of different s|)ecific gravities. • , • 


Solid extract in a , * Solid extract in a 

Specific gravity. wine pint in grs. SfJecific gravity. wine pint in grs. 


1*020, 

• 

382*4 

1*036, 

689*6 

1*021, 

•• 

401*6 

1*037, 

708*8 

1*022, 


4:^*8 

1*038, 

728*0 

1*023, 


440*0 

1*039, • . 

74f’2 

1*024, 


459*2 

1*040, • . 

' 766*4 

1*025, 


478*4 • 

1*041, 

785»6 

1.026, 


497*6, 

7*042, 

8(H-8 

1*027, 

• 

516*8 

1-043, 

824^0 

1*028, 


536*0 

1*044, 

843*2 

1*029, 


555*2 

1*045 

852*4 

1*030, 


574*4 

1*046 • 

88V6 

1*031, 


593*6 

1*047, 

900*8 

1*032, 


612*8 

1*048, 

• 920*0 

1*033, 


632*0 

1*049 

939^ 

1*034, 

1*035, 

• 

• 

651*2 

670*4 

1*050 

• 

958*4 

In this 

• 

disease the 

thirst is 

insatiable, and the 

appetite vora- 


cious. Yet the egesta in general are less than the ingesta. The 
fDlU)wing two cases, which illustrat(» this, are related by ISIr 
Maegregor in his Kxperimcntal JRnquiry, ^ 

1. A hoy, 16 years of age, weighing 5 stones and 2 lbs.* 
Specific gravity of mine 1*035. The following table shows the 
ingesta and egesta from the 6th December to the 31^t December 
inclusive: • 


m 




Ingesta. 



Egesta. 

A 

Date. 

^ Liquid. 

Solid. 

I'ot^ • 

^jiquid. 

Solid. 

TotalT' 

1834. 

lbs. 

lbs. 07/. 

lbs. 07/. 

lbs. 02. 

R>s. oz. 

lbs. oz. ^ 

Dec. 6 

13 

3 0 

10 0 

18 0 

. * 0 

19 0 

7 

6 

3 0 

9 0 

10 0 

0 5 

10 5 

8 

12 

2 4 

14 4 

11 6 

1 4 

• 12 ICP 

9 

15 

3 1 

18 1 

18 0 

1 8 

19 8 

10 

10 

1 10 ’ 

11 10 

17 6 

0 0 

17 6 

11 

G 

1 9 

7 9 

10* 0 

0 4 

10 4 

12 

11 

1 12 

12 12 

15 0 

0 8 

15 8 


* Annals of Philosophy, i. 29. 
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Ingesta, 





Egesta. 








J 

Solid. 


Date. 

Liquid. 

Solid. 

Total. 

Liquid* 

Total. 

1834. 

lbs. 

lbs. oz. 

lbs. 

oz. 

lbs. 

oz. 

lbs. oz. 

lbs. oz. 

Dec. 13 

fe 

.2 9 

10 

9 

10 

0 

0 8 

10 8 

14 * 

16 

3 2 

.19 

2 

15 

0 

2 3 

17 3 

15 

10 

2 9 

12 

9 

15 

0 

0 4 

15 4 

» 16 

IS 

2 9 

15 

9 

• 15 

0 

0- 0 

15 0 

17 

10 

1 9 

11 

9 

10 

0 

0 0 

10 0 

18 

8 

2 0 

10 

10' 

0 

10 

0 

2 1 

12 1 

19 

8 

2 0 

0 

10 

0 

2 11 

12 11 

2fll 

9 

2 7 

11 

7 

8 

6 

1 3 

9 9 

21 

0 

2 4 

11 

4 

7 

6 

0 0 

7 6 

22 

9 

2 9 

11 

4 

7 

6 

1 4 

8 10 

23 

6 

1 13 

7 

13 

7 

6 

1 6 

8 12 

24 

6 

2 9 

8 

9 

m 

i 

6 

2 6 

9 12 

25 

6- 

if 1 

9 

1 

10 

0 

0 0 

10 0 

26, 

12 

3 1 

15 

1 

10 

0 

0 4 

10 4 

27 . 

12 

3 1 

15 

1 

15 

0 

0 0 

15 0 

28 * 

11 

3 1 

14 

1 

12 

6 

0 4 

12 10 

29» 

11 

3 1 

d4 

1 

15 

0 

0 3 

15 3 

30 

11 

2 9 

11 

9 

17 

0 

0 0 

17 0 

31 

12 

2 7 

14 

7 

20 

0 

0 8 

20 8 


Total, • 

330 

5 
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The average quantity of food and drink per day was 12 lbs. 11 
oz. wliilc that of the egosta was 13 lbs. 4 oz. so that the latter ex¬ 
ceeded the former by the daily average of 9 oz. With a view to 
introduce as much azote as possible into the system, a scruple of 
nitrate of ammonia was administered thrice a d;iy, and continued 
till the 19th, at which date the thirst was considerably dimi¬ 
nished, and the quantity of urine much less, probably in conse¬ 
quence of the animal food to which his diet was restricted. 

On tlie 22d December six drops of creosote were ordered to 
•be taken in the course of the day. The dose was gradually aug¬ 
mented, and on the 10th of January amounted to sixty drops; 
but it irritated the stomach to such a degree that it was found 
necessary to stop it. 


Ingesta, Egesta. 


Date. 

^quid. 

Solid. 

Totai^ 

liquid. 

SoUd. 

Tot^ 

1835. 

lbs. 

lbs. 

OZ. 

lbs. 

OZ. 

lbs. 

OZ. 

lbs. 

oz. 

lbs. 

OZ* 

Jun* 1 

7 ' 

2 

0. 

9 

0 

10 

0 

0 

4 

10 

4 

2. 

11 

2 

1 

13 

1 

10 

1 

2 

0 

12 

1 

3 

13 

1 

0 

14 

0 

15 

6 

2 

6 

17 

12 

4 

10 

2 

0 

12 

0 

- 13 

0 

0 

0 

13 

0 

5 

.11 

2 

/) 

13 

0 

10 

0 

1 

0 

11 

0 

6 

6 

1 

6 

7 

6 

12 

3 

0 

0 

12 

3 

7 

9 

2 

6 

11 

6 

12 

0 

0 

0 

12 

0 

8 

6 

2 

6 

8 

6 

10 

2 

0 

0 

10 

2 

9 

10 

2 

9 

12 

9 

10 

0 

1 

4 

11 

4 
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Date. 

Liquid. * Solid. 

Total. 

Liquid. 

Solid. 

Totiil. 

1835. 

lbs. 

lbs. 

oz. 

lbs. 

oz. 

lbs. 

oz. 

lbs 

. oz 

• lu8* 

oz^ 

• 

Jon. 10 

10 

2 

9 

12 

9 

10 

4 

0 

0 

10 

4 

11 

10 

2 

9 

12 

9 

. *2 

7* 

0 

0 

• !‘^ 

7 

12 

9 

2 

1 

11 

1 

11 

0 

1 

0 

12 

0 

13 

? 

2 

2 

•9 

2 

12 

3 

O 

0 

12 

» 

14 

10 

2 

2 

12 

2 

10 

0 

0 

0 

FO 

0 

15 

5 

1 

9 

6 

9 

• 5 

7 

1 

n 

7 

2 

16 

6 

1 

9 

7 

9 

•• 5 

7 

0 

0 

5 

7 

17 

6 

1 

9 

7 

9 

5 

7 

0 

0 

• 5 

7 

18 

6 

1 

9 

7 

9 

4 

0 

0 

0 

4 

0 

19 

4 

• 1 

9 

5 

9 

4 

0 

0 

0 

4 

0 

20 

4 

1 

9 • 

5 

9 

3 

7 

1 

0 

. 4 

7 

21 

4 

1 

9» 

5 

9 

3 

♦ 

0 

0 

• • 3 

r 

22 

3 

1 

9 

4 

9 

3 

? 

1 

0 

4 

7 

23 

4 

1 

9 


9 

3 

0 

0 

0 

3 

0 

24 

3 

1 

9 

4 

9 

2 

7 

0 

0 

• 2 

7 

25 

5 

1 

9 

,0 

9 

4 

0 

0 

0 

•• 4 

0 

26 

5 

•l 

9 

'6 

9 

• 2 

7 

0 

0 

. 2 

7 

27 

4 

1 

9 

5 

9 

2 

6 

1 

1 

2 

6 

28 

3 

1 

9 

4 

9 

2 

7 

0 

0 

2 

7 

29 

3 

1 

9 

4 

9 

2 

6 

0 

8 

2 

14 

.‘JO 

2 

1 

9 

3 

9 

2 * 

6 

1 

0 

3 

1 

31 

2 

I 

9 

3 

9 

2 

1 

0 

0 

•• 2 

1 



Total, 


258 






^33 

10 


On the 16th of January opium was ordered in grain doses thrice 
a-day. After a few days the dose was gradually increased, and 
on the 31st of January the quantity amounted to half a-drachm 
daily. The urine was now strongly alkaline, containing car¬ 
bonate of ammonia, but no urea. It is probable that the urea 
had been decomposed, and carbonate of ammonia formed before 
the urine was voided. The patient sweated copiously, and his 
weight was 2 lbs. greater than when he entered the hospital.* 
The thirst was greatly diminished, and the ingesta exceeded the 
egesta by about a tenth. • 

Ingesta. ^ • _ Egesta. 


t —1 r 


Date. 

Liquid. 

Solid. 

Total. 

9 

Liquid. 

Solid. 

'Botal. 

1835. 

lbs. 

lbs. 

oz. 

lbs. 

oz. 


lbs. 

oz. 

lbs. 

oz. 

lbs. 

oz. 

Feb. 1 

3 

1 

9 

4 

9 


2 

0 

b 

0 

2 

0 , 

2 

3 

0 

2 

3 

2 


1 

0 

0 

0 

1 

0 

3 

2 

0 

9 

2 

9 


.1 

0 

• 0 

0 

1 

0 

4 

3 

0 

9 

3 

9 


1 

0 

0 

0 

. 1 

0 * 

5 

2 

0 

9 

2 

9 


1 

0 

0 

2 

1 

2 

6 

2 

1 

9 

• 3 

9 


1 

0 

0 

4 

1 

4 

7 

3 

1 

9 

4 

9 


2 

2 

0 

0 

2 

2 

8 

4 

I 

9 

5 

9 


2 

2 

0 

0 

2 

2 

9 

3 

1 

9 

4 

9 


2 

4 

0 

4 

2 

8 

10 

2 

0 

9 

2 

9 


2 

0 

1 

4 

3 

4 

11 

2 

1 

9 

3 

9 


2 

1 

0 

0 

2 

1 
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Ingesta. 





Egesta. 


Date 

Liquid. 

Solid. 

> 

Total. 

Liquid. 

Solid. 

Total. 

1835. 

lbs. 

lbs. oz. 

lbs. 

oz 

lbs. 

oz. 

lbs. 

oz. 

lbs. oz. 

Pcb. 12 

2 

1 9 

3 

9 

2 

6 

0 

0 

2 6 

13 

2 

' 1 9 

. 3 

9 

2 

0 

0 

0 

2 0 

14 

2 

1 9 

• 3 

9 

2 

1 

0 

4 

2 5 

15 

3 

1 9 

4 

9 

2 

1 

0 

0 

2 1 

“16 

2 

0 0 

2 

0 

2 

8 

2 

8 

5 0 

17 

3 

1 9 

4 

9 

2 

0 

0 

0 

2 0 

18 

3 

0 9 

3 

9 

2 

0 

0 

4 

2 4 

1& 

3 

1 2 

4 

2 

2 

3 

0 

0 

2 3 

20 

3 

1 2 

4 

2 

3 

0 

0 

0 

3 0 

21 

3 

1 9 

4 

9 

3 

1 

0 

0 

3 1 

22 

3 

1 9 

4 

9 

3 

4 

0 

0 

3 4 


3 

C 9 

4 

9 

3 

5 

0 

0 

3 5 

24 

4 

I 2 

5 

2 

3 

0 

0 

2 

3 2 

25 

G 

1 9 

7 

9 

3 

0 

0 

1 

3 1 

2b 

6 

2 9 

8 

9 

5 

0 

0 

1 

5 1 

27 

G 

2 2 

8 

2 

9 

0 

0 

4 

9 4 

28 

G 

1 9 

7 

9 

9 

v) 

0 

0 

9 0 


Total, 129 4 4 

The opium was gradually increased, and on the 24tli of Febru¬ 
ary amounted to a drachm in 24 horn’s. The symptoms which 
usualljy attend opium eating made their appearance. Though tlie 
quantity of urine wtis so greatly diminished, its specific gi avity 
was as high as 1’032. It did not taste sweet, and yet it contain¬ 
ed a good deal of sugar. The urea was so abundant, that when 
nitric acid was added, cryshils of nitrate of urea appeared with¬ 
in ten minutes. The opium was discontinued on the three last 
days of the mouth. The tliirst and quantity of urine immediate¬ 
ly increased. •. 




Ingesta. 





Egesta. 


Date. 

r 

Liquid. 

Solid. 

Total. 

t - 

Liqiiul. 

Solid. 

Total. 

1835. 

ll/s. 

lbs. oz. 

lbs. 

oz. 

lbs. 

oz. 

lbs. 

oz. 

lbs. oz. 

March 1 

5 

2 2 

7 

2 

5 

0 

0 

0 

5 0 

2 

6 

1- 9 

7 

9 

4 

0 

1 

2 

5 2 

3 

3 

1 2 

4 

2 

2 

0 

0 

0 

2 0 

' 4 

5 

1 2 

0 

2 

4 

1 

0 

0 

4 1 

5 

4. 

1 9 

5 

9 

2 

6 

2 

8 

4 14 

6 

3 

1 9 

4 

9 

6 

2 

•0 

0 

6 2 

7 

3 

1 9 

4 

9 

4 

0 

0 

0 

4 0 

8 

3 

1 9 

4 

9 

4 

1 

1 

3 

5 4 

9 

4 

1 2 

5 

2 

2 

3 

0 

0 

2 3 

10 

5 

1 9 

6 

9 

2 

G 

0 

4 

2 10 

11 

.5 

1 9 

1 “9 

6 

9 

2 

6 

0 

6 

2 12 

12 

5 

6 

9 

2 

2 

0 

0 

2 2 

13 

4 

1 9 

5 

9 

2 

1 

0 

0 

2 1 

14 

3 

1 9 

4 

9 

2 

8 

1 

2 

3 10 

15 

3 

1 9 

4 

9 

2 

9 

0 

0 

2 9 

IG 

5* 

1 9 

6 

9 

2 

3 

0 

8 

2 11 

17 

5 

1 9 

6 

9 

3 

6 

0 

0 

3 6 
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Infcsta. 

A • 





Egestaif 

A 

Date. 

Liquid. 

• * Solid. 

-\ 

Total. 

- 

liiquid. 

Solid. 

1834. 

\hl 

lbs. 

. oz. 

lbs. 

oz. 

lbs. 

oz. 

lbs. 

oz. 

Mar. 18* 

6 

2 

1 

8 

1 

4 

0 

U 

3 

19 

7 

2 

1 

9 

1 

3 

6 • 

0* 

0 

20 

7 

1 

9 

8 

9 

• 3 

4 

0 

6 

21 

Tk 

1 

9 

8, 

9 

4 

2 

0 

0 

22 


t 

9 

8 

9 

5 

0 

0* 

4 

23 

7 

1 

9 

8 

9 

• 6 

0 

0 

0 

24 


1 

9 

8 

9 

• • 8 

4 

0 

6 

25 

7 

1 

9 

8 

9 

4 

6 

0 

0 

26 

6 

I 

9 

7 

9 

7 

0 

0 

0 

27 

6 • 

o 

6 

8 

6 

7 

6 

1 

5 

28 

6 

2 

6 

8 

6 

7 

4 

u 

0 

29 

7 

2 

% • 

9 

6 

7 


0 

2 

.‘K) 

7 

2 

0 

9 

6 

8 

n 

0 

0 

31 

7 

2 

6 

9 

6 

8 

2 

h 

0 


Total, 
lbs. oz. 
4 3 

3 6 
• 3 10 

4 2 


4 4* 
6 0 


6^10 
4 6 
• 7 0 

8 J1 , 

7 4 

••.7 n , 

*8 0 

8 2 


1'ot»il, ^ . 22g 0 Total, . % 148 0 

Towards the end of the month o^ March the opiimi was dis- 
oontiniied, and this was followed by a return of the original synip- 
toins. The patient was dismissed shortly^after. The tjuantity 
of urine was daily 8 lbs. It had a sweetish taste, and futanented 
readily with yetist. At the end of March his weight was 5 stones 
and 3 lbs. , • 

In the second c^ase given by Mr Maegregor, the symptoms and 
treatment were nearly the same. It is unnecessJiry, therefore, 
to state it at length. 

Mr Maegregor Ibund urea in diabetic urine to fully as great 
ail amount as in healthy urine. One patient passed daily 14*65 
lbs. of urine of specific gravity 1*0.39. It contained 1013*5 
grains of urea. Another jiassed 30 lbs. of ui^nc of siicinlic gra¬ 
vity 1 *045. This urine contained 945 grains of urea, , A thirtf 
jiassed daily 40 lbs. of urine of specific gravity 1*034, and con¬ 
taining 810 grains of urefi. A fourth passed 25 life, of urine of 
specific gravity 1 *050, and containing 5l2*4grains of urea. Now 
tlie greatest quantity of urea passed in twenty-four hours the 
tablesof l^ecanu given above, and containing 93 cages, was 501*06 
grains. • 

The sugar which exists in such quantity in the urine ef dia¬ 
betic patients is not generated by tlic kidney.s, but by the'organS 
of digestion. Mr Maegregor found it abundantly in the blood,* 

• Vauquelin had long ago examined llic blood of a diabetic patient without 
finding any sugar in it. (Jour, de Physiologic, iv. 2o7.) This also had boon 
done by Dr Wollaston. The method employed by these elieinists bad not been 
sufli<‘iont1y delicate. 
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and also in the saliva, sweat, and stools of diathetic patients. The 
abnormal state of the digestive organs gives ofigin to the forma¬ 
tion of this sugar. No medical treatment hitherto ilried has been 
capable of removing the disease. Animal food seems to dimi¬ 
nish the thirst and urine ty bringing on nausea. Opium palli- 
•ates^hut does not remove the dist^ase. It i^ obvious from the 
facts above stated that there is no want of urea in diabetic urine. 
Hence it is very probable that the introduction of urea into the 
stomach of diabetic patients, as has been proposed by some me¬ 
dical men in France, would not contribute to remove the dis- 
,ease. , 

c ( 

11. Urine during cramp of the stomach. —This urine was ex¬ 
amined by M. li. Gmelin.’*^ It wau clear, brown in mass, but 
yellow hi thin layers. With muriatic acid it formed a brown 
mixture, with much nitric acid a clear red mixture, with a small 
quantity of that acid a violet-coloured precipitate. This preci¬ 
pitate was chiefly uric acid. On standing twenty-four hours the 
urine deposited a rose-red sediment. The urine contained uric 
acid, purpuric acid, and altered choleic acid. 

V2.V Intoxicatwff urine.—It has been long known that the Tar¬ 
tars make an intoxicating liquor by infusing the Agaricus musca- 
rius in koumuSi or fermented marc’s milk; and that the intoxi¬ 
cating properties of this agaric pass into the urine of those who 
have taken it into the stomach. Tangsdorf, in his travels among 
the Kormken, has remarked that the urine is even more intoxi¬ 
cating than the prepared koumiss itself. It is much sought af¬ 
ter by other pershns, who intoxicate themselves by drinking it 
Indeed, such is the persistence of this intoxicating quality, that 
urine voided by five or six individuals in succession still re¬ 
tains itf ‘ 

13. In certain cases females, ard sometimes males, have been 
observed to pass urine which ha4 the appearance of milk. On 
standing a cream was formed on its surface, and it was found to 
contain a notable proportion of casein.^ 

14. Medical men have repeatedly made mention of blue urine, 
'deriving its colour from a blue substance held in suspension in 
it, quite difierent from Prusaan blue. Gornier and Delens found 
tins blue colouring Inatter a little soluble in water. Neither 
acids nor alkalies alter its colour ; but nitric acid destroys it§ 

♦ Aim. der Pharm. xxvi. 359. f Jour, de Pharmacie, xii. 477. 

t Caballe, Ann. de Chiin. iv. 64. § Jour Gener. de Medecine, Ixxii. 174. 
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Braconnot met with a case of blue urine passed by a girl of fif¬ 
teen years qf age* enjoying pretty good Health, though subject to 
stomach codiplaints.* During a paroxysm of pain in the stomach 
she Tomited and voided urine. Both liquids* had %o deep a blue 
colour that they appeared almost *black. The blue* pigment 
which this urine confined liad neither taste nor ^mell. !(]t wsffe 
in a state of very minute division, and"had a deeper colour than 
Prussian blue. When heated it gave out carbonate of ammonia 
and an empyreumatic oil. It M^as slightly soluble in water and 
in boiling alcohol. The alcohol assumed a green colour, and de-^* 
posited on cooling admail quantity of verjfc deep blue pigment, 
almost crystalline. When the alcohol evaporated the blue pig¬ 
ment remained, and dissolved in acids with the exceptiow of a lit¬ 
tle fatty matter. ^ The bluf; pigment is soluble in all aCids, even 
the oxalic and gallic, and when so cRssolved becomes red! When 
a saturated solution of this colouring matter in dilute sulphuric 
acid is evaporated, we obtain a carmine*j*ed residue, which be¬ 
comes brown when dissolved in water, but resumes its f*6d colour 
when the water is evaporated off. The blue matter is slightly 
soluble in acetic acid. The solution is brownish-yellbw, but 
when the acid is driven off, the blue colouring matter is left un¬ 
altered. When the red acid solutions are saljiratcd with an al¬ 
kali, the colouring matter precipitates with its original blue colour. 
This blue matter is scarcely soluble in caustic potash, and not at 
all in the carbonate of potash. 

The urine from which this blue matter had separated let fall 
when heated an additional quantity of this blue matter of so deqp 
a shade that it appeared black, but possessed the properties of the 
ori^nal blue pigment. Braconnot considers this blue sediment as 
a salifiable base, and has distinguished itjt)y the name of cyanurin* 

Marx made some experiments on a bluc«coloured urine passed 
by Dr Woilring at Gottinge«.t Jie analyzed the sediment, and 
states its constituents as follows: • 


Blue colouring matter. 

29-09 

• 

Uric acid, . . * 

46-80 

Karthy phosphates. 

18-19 

Mucus, . . . 

5-92 


100 * 

Ann. de Chim. et de Pbys. xxix. 23*2. f Sfhweife^ger’s .Jour, xlvii. 487. 
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The characters of the blue matter differed, somewliat from those 

described by Braconnot.** It was soluble in albehol. and when 
the solution was evaporated, the blue sediment remamed without 
showing the Ibast tendency to crystallization. It was soluble, 
also, in boiling ether. Coilcentrated sulphuric acid dissolved it 
dhd assumed a blue colour, but muriatic acid did nof act upon it. 
Nitric acid, when heated,‘destroyed it, and converted it into Wel¬ 
ter’s hitter princq)le. It was ‘insoluble in caustic alkalies and 
their carbonates. When burnt, it left a little phosphate of lime. 

15. Urine is sometimes mixed with blood. If the quantity of 
blood ht considerable, its presence is easily recognized by the 
red colour. The globules of blood do not dissolve in urine. 
They fiill to the bottom, and may be^easily distinguished by ex¬ 
amining ^lIe sediment through the inif:roscope. ^ 

Uriiib containing blood a^iways holds in solution some albu¬ 
men, which coagidates when the urine is heated or mixed with 
nitric acid. Such urine is always alkaline, unless the ciuantity 
of blood* be very small. The globules of blood in urine assume 
an irregular, form, and when treated with ammonia or acetic acid 
dissolve completely. M. Lecanu has given the following method 
of detecting minute quantities of blood in urine -i* 

If the urine be ammoniacal it is neutralized by nitric acid, 
and raised to the boiling temperature. The albumen coagulates 
and falls to the bottom, can’ying with it the globules of the blood. 
The deposit, is collected on a filter and washed first with water, 
and then with alcohol. It is then introduced into a matrass witli 
alcohol of 0*842, slightly acidulated with sulphuric acid, and the 
liquid raised to the boiling temperature. The deposit, which w’as 
at first reddish-brown, becomes colourless, while the alcohol as¬ 
sumes a brownish colouy, which a slight addition of ammonia 
changes to retL The alcoholic solution being concentrated leaves 
the colouring matter in the, statr of a black resinous-looking 
matter, soluble- in acetic ether and ammoniacal alcohol, to which 
it gives a red colour, as soon as the alcohol and ammonia are 
evaporated. If we calcine this matter, there remains a red ash, 
soluble in muriatic acid, and the solution strikes a blue with 
prussiate of potash. 

16. Dr Marcet, in the twelfth volume of the Medico-Chirur- 
gical Transactions, described a singular variety of urine, wdiich 

* Jour, de Pbarin. xxvi. 206. 
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became black soon aCter it was passed. A portion of this urine 
was examined bj'^Dr Prout, who gave Ae following account of 
it:* 

The residue remaining after the urine is ijvaporated to dry¬ 
ness contains no uric acid, and no tfrea can be detected in it by 
the usual tests. Although the addition of dilute acids projjuced 
no immediate change of colour in this urine, yet, on standing 
some time, a black precipitate slo'^fy subsided, leaving the super¬ 
natant fluid transparent and hut slightly coloured. 

The black jlrccipitatc was nearly insoluble in water and alco-** 
hoi, whether hot or (jplTl. It dissolved in c< 4 (icentrated §iL^)huric 
and nitric acids, forming a deep brownish-Wack solution ; but on 
adding water the black subfetiincc precipitated unaltered.# It dis¬ 
solved readily iii^ the fixcd.alkalies, and in their carbonljtes; but 
acids ])recipitated it unaltered. A\^ien ammonia was cflnploycd 
as a solvent, and the excess driven oft* by evaporating to dryness, 
a deej)-brown matter remained, composed of the black matter 
and ammonia. This comj)ound was very soluble in wdter, and 
when lieated with ciiustlc potash, gave out the smell of ammoTiia. 
It w(ndd not erystallize. From ti»e aqueous solution^ of this 
brown mutter eliloride of barium and nitrate of silver threw down 
copious brown precipitates; as did also protonitratc of mercury 
and nitrate of lead. Corrosive sublimate produced no immedi¬ 
ate prceij)itato, and that obtained from acetate of zinc was of a 
pale-brown colour. 

From these experiments J)r Prout inferred that the urine ow¬ 
ed its black colour to a compound of the hlifck matter with am¬ 
monia. The black matter he considers .as an acid, which he dis¬ 
tinguishes by the name of mvlanic acid. No experiments have 
been m.adc to determine the nature of this acid, or*the relation in 
which it stands to uric acid. • • 

]7. Some very cruel exp^rime^its were made upon dogs by 
M. Collard dc Martigny. He starved the poor animals to death. 
In the urine of a dog thus treated he could detect no urea,f 
The same remark was made by Magetidie with respect to the 
urine of dogs fed on su^ar, gum, or olive oil, which in fact died 
of staiwation.^ ^ 

* Amiiils of Philosophy, (2d sorics), iv. 71. 

t Jour, de Physiologic, viii. 157. t 487. 
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But Lassaigne found urea in the blood of a madman who had 
fasted during eighteen days.* < , 

According to Martigny, the proportion of album’en in blood 
increases by abstinence, while that of fibrin diminishes, and the 
quantity of blood is constantly diminisliiug as long as abstinence 
tS coptinued.'f' r 

18. Donne observes tlidt, after eating sorrel, the urine was fil¬ 
led with minute crystals of oxalate of lime.| 

19. Viscid urine. 

* MM. Cap and Henry examined a urine to which they gave 
that naide. It was ^id when voided, but foon became alkaline. 
It had a light-yellow colour, and was muddy, and a white mag¬ 
ma occupied the greatest part of the liquid, floating by the slight¬ 
est agitaiion, and depositing itself slo,wly. A scanty gray sedi¬ 
ment whs at the bottom of the vessel. The viscid magma was 
separated by the filter. The urine filtered had a specific gravity 


of 1*00691. It was composed of, 

Whter, .... 98*12 

Urea,, .... 0*40 

Albumen, . .. . . 0*17 

Mucus, .... 0*50 

Chlorides of^sodium, potas^um, ammonium, ^ 

Urate of ammonia, . . v 0*81 

Phosphates of soda, ammonia, lime, magnesia, J 
Sulphate of soda trace. 

Lactate of ammonia trace. 


100*00 

The viscid magma consisted of fibrin, albumen, and spermatin.§ 
Such are the characters and constitution of human urine, and 
such the clianges produced in it by disease, as far as the subject 
has been investigated. Muc^ less-progress has been made in the 
investigation of the urine of the inferior animals. The follow¬ 
ing are the principal facts on this prolific subject that have been 
hitherto ascertained: 

I. T*ke urine of carnivorous animals is acid, and usually con¬ 
tains salts of ammonia; the urine of graminivorous animals is 
alkaline, and contains carbonates, particularly carbonate of lime. 

* Jour, de Cbimie Medicale, 1825. f Jour, dc Phyniol. viii. 165, 169. 

t Comptes Rendus, viii. 805. § Jour, do Phario. xxiii. 329- 
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II. The urine 0 ^ 1}ie monkey, according to Coin^et, has a 
greenish-yeljowrfjftlour, and its specific gravity varies from 1*0045 
to 1*0108. * It contains a good deal of salts of sulphuric and 
phosphoric acids, a great deal of salts of potasl^ butfio uric acid.* 

III. The urine of the dog,t according to Tiedcmann afid Gme- 

lin, has a yellowisjj or greenish-brown colour. It has an^ acid 
reaction ; becomes reddish-yellow, and*then green when mixed 
with muriatic acid. When mixed* with nitric acid, much uric 
acid fell, and the urine became green, then blue, and* finally 
dark-red.J 1 hese phenomena show clearly that the urine of the •* 
dog examined contained bile. ^ • 

IV. The urine of the horse has usually an amber colour. 

When voided it is sometimes transparent, sometimes muddy, and 
it soon deposits a white precipitate, consisting chiefly &f carbo¬ 
nate of lime. Its specific gravity, according to Fourcroy and 
Vauquelin, varies from 1*03 to 1*05. The specific gravity of a 
specimen examined by Dr Prout was 1*0293.§ That of a horse 
experimented on by Boussingault, 1 *064,11 -^'he average quan¬ 

tity voided in twenty-four hours was only 2*928 lbs.. He found 
in it a greater quantity of urea tlian in liumaii urine. •It was 
announced many years ago by Fourcroy and Vauquelin, that the 
urine of the horse contains benzoic acid. But Liebig has shown 
that the acid contained in the urine of the horse is not the ben¬ 
zoic, but another acid containing peculiar properties, to which he 
has given the name of liijrpuric^ and which has been described 
in a former pjirt of this work.** 

The constituents of the urine of the horse,*as determined by 
Fourcroy and Vauquelin, arc the following: 


Water and mucus. 

94* 

Carbonate of lime. 

1*1 * 

Carbonate of soda, . • 

0*9 

Hippurate of s^da. 

2*4 

Chloride of potassium, 

0*9 

Urea, 

0*7 


100*0 ft 




* Bibliotb. Univer. xxx. 492. \ The gall-duets of this animal were tied. 

^ On Digestion, ii. 4. § Annals of Philosophy, xvi. 150. 

II Ann. de Chim. ct de Phys. IxxL 128. ^ Ibid, xliii. 188. 

•* See Chemistry of Vegetables, p. 46. Mem. de I’Institut. ii. 431. 
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Mr Brahde, about the year 1606, made^soRie experiments on 
the urine of the horse, which are stated by Mr l|atc)iett in a let¬ 
ter to Sir Everard Home.* He extracted from that urine the 
following salts: ^ 

Carbonate of lime. Common salt. 

* » CaVbonate of soda. * Hippiirate of soda. 

Sulphate of soUa. , Phosphate of lime. 

The^e saline contents constituted about one-eiglith-of the weight 
' of the urine. So that the water, according te this estimate, 
amoun^^only to 87*5 per cent Chevroul examined the urine 
of the horse in 1808, expressly to ascertain whether it contained 
phosphate of lime, as stated by Brai5de.t He could find none ; 
but dete(f>tod magnesia and sulphate of potash. 

V. The urine of the ass was examined by Mr Braude in 1806.^ 
It was transparent and colourless, gave a green colour to the 
syrup.of violets, but no carbonate of lime was deposited when 
the urina was left at rest According to Brando, it contained 
urea, more phosphate of lime than the urine of the horse, car- 
bonatei.of soda, sulphate of soda, common salt, and probably chlo¬ 
ride of potassium. It contained no ammonia. 

VL The urine of the cow lias a strong resemblance to that of 
the horse. It has nearly the same colour and the same mucila¬ 
ginous consistence. It tinges syrup of violets green, and depo¬ 
sits a mucous matter. On standing, small crystals are formed 
on its surfaces. The (juantity voided in 24 hours by a cow giving 
milk, was found b} Boussingault to be 18T3 lbs., and the milk 
l8*7 lbs., The water drank in 24 hours Wcos 132*282 lbs. The 
specific gravity of the urine was 1*035.§ It contains, according 
to Rouclle, ' 

/ 

Carbonate of^iotash. ' Urea. 

- Sulphate of potash. , ♦ Ilippuric acid ? 

Chloride of potassium. 

Mr Brande examined this urine in 1806,|| and found its con- 
'stituents, 

i 

* Phil. Trans. 1806, p.,380. t Ann. de Chiin. Ixvii. 303. 

t Phil. Trans. 1806, p. 380. § Ann. de Chim. et de Phys. Ixxi. 113. 

II Phil. Trans. 1806, p. 378. 
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Water, , 

.Ph^s^phate of lime, ^ 

•Chloride of potassium, 1 
Sal-ammoniac, . J 

Sulphate of potash, • . 

TJarbgnate of potash, 1 

Carbonate of ammonia, •/ 

Urea, . • * . 


65 

3 

15 

• 

6 

4 
4 


• 97 • 

lie obtained also a qi^afltity of benzoic acid,^(probably tiippuria 
acid,) but considers it as proved, that this a«id was formed dur¬ 
ing the process to which th« urine was subjected. • 

Yll. The urine of the camel has been examined by'Rouellc, 
Braude, and Chevrcul. The smell •resembles that of the cow. 
Its colour is that of beer; it is not mucilaginous, and does not 
deposit carbonate of lime. It gives a grpen colour to syrup of 
violets, and ctfcrvcsces with acids like the urine of the hOrse and 
cow. Roucllc* obtained from it, , 

Carbonate of potash. , Chloride of potassitlm. 

Sulphate of potash. Urea. 

Mr Brandcf made a set of experiments on^ the urine of the 
camel, at the request of Sir Everard Home, and obtained. 


Water, 

Phosphate of lime. 
Sal-ammoniac, 
Sulphate of potash. 
Urate of potash. 
Carbonate of potash. 
Common salt. 

Urea, .• 




75 

6 

6 
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Chevreul examined the urine of the camel on purpose to^ 
ascertain whether the phosphate of limc,*stated by Brande as a 
constituent, really existed in that urine.J He could find no tra¬ 
ces of it, but extracted from the urine of the camel the following 
substances : 


* Jour, de Med. xl. 

^ Ann, de Cbiin. Ixvii. 294. 


t Phil. Trans. 1806, p. 376. 
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Albumen. A little si^pjate of soda. 

Carbonate of lime.* Much sulphate* pf pptash. 

Carbonate of magnesia. A little carbonate of potash. 

Silica. • , Hippuric acid ? 

Trace of sulphate of lime. Urea. 

• Trace o£ iron. A brown oil,* havifig a strong 

t^arbonate of ammonia. smell. 

Chloride of potassium. * * 

Vlir, The urine of the sow was subjected to chemical analy- 
''sis in 1819, by M. Lassaigne.* It is transparent, slightly yellow, 
IjFithout^&mell, and having a disagrecabh;,^but not saline, taste. 
The following .were the substances extracted from this urine by 
M. Las^igne: *> 

Urdu. Sulphate of potash. 

Sal-ammoniac. • A little sulphate of soda. 

Chloride of potassium. Trace of sulphate and carbonate 

Common salt. of lime. 

# 

IX. 3*he urine of the rabbit was examined by Vauquelin.t 
When expo^ to the air it becomes milky, and deposits carbo¬ 
nate ojt>lime. It gives a green colour to syrup of violets and ef¬ 
fervesces with acids. Vauquelin detected in it the following sub¬ 
stances ; 

Carbonate of lime. Chloride of potassium. 

Carbonate of magnesia. Urea. 

Carbonate of potash. Mucus. 

Sulphate of potash. Sulphur. 

Sulphate of Iftnc. 

X. The urine of the guinea pig was examined also by Vau¬ 
quelin ; though the quantity subjected to analysis was too small 
to enable him to make a detailed examination. It became tur¬ 
bid, and deposited casbonate of lime on cooling, gave a green co¬ 
lour ..to syrup of violets, and was /bund to contain carbonate of 
potash and chloride of potassium; but neither phosphate nor 
*uric acid could be detected in it.| 

XL The urine of the rhinoceros was examined by M. Vogel 
m 18l7.§ It was muddy, and let fall on cooling a great quan¬ 
tity of an ochre-yellow matter. Tweiity poimds of the urine 
> ^ 

* Jour, de Pliarmacie, viii. 174. 

^ f Fourcroy’s General System of Chemical Knowledgct x. 265. 

t Ibid. p. 267. § Schweigger’s Jour. xix. 156. 
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yielded 6 ounces and ^ drachms of this«> deposit It conasted of 
carbonates of liiufi and magnesia with a Httle iron and alica, and 
a small^ quantity of an animal substance containing azote. 

The smell of the urine was peculiar, and had* som6 resemblance 
to that of bruised ants. It effervesced strongly with aciHs. Its 
colour after filtration was dark-yellow. Even after filtrati^^n it* 
continued to effervesce on the addition of acids. It very slight¬ 
ly reddened litmus-paper. When* toiled it became browQ, and 
ceased to act on litmus-paper, and hardly became muddy when 
mixed with oxalate of ammonia. * 

This urine contain^,* « 

Mucus. Bicarbonate*of lime. 

Urea. • Sulpliate of lime. 

Sulphuretted^ hydrogeq. Carbonate of magnesia? 

Carbonate of ammonia. Silidh. 

Hippurate of potash ? Iron. 

Chloride of potassium. • 

XII. The urine of the elephant was also examined by*M. Vo¬ 
gel.* Its colour was the same as that of the rhinoceros but not 
so dark. It gave a green colour to«yrup of violets, deposited 
less sediment on cooling than the urine of the rhinoceros, and 
gave out when heated less carbonic acid and sulphuretted hydro¬ 
gen. Its constituents were similar to those of the preceding 
urine. But it contained more mucus, urea, and carbonate of am¬ 
monia, and loss carbonate of lime, and carbonate of magnesia, 
and no hippuric acid. 

Xin. The urine of the beaver has a striking resemblance to* 
that of herbivorous animals in general. Vauquelin f detracted 
from it the following substances: 

Mucus. Sulphahvof potash. 

Urea. * Chlorides bf potassium and so- 

Hippurate of potash ? • dium. • 

Carbonates of lime and Colouring matter.* 

magnesia. Trace of iron. , 

Acetate of magnesia. * , , 

XIV. The urine of thq lion, tiger, hymna, and leopard, when 
quite fresh, reddened litmus-paper; but speedily becomes neutral 
and then alkaline.;^ It contains uric acid. Vauquelin made 

• Schweigger’s Jour. xix. p. 162. f Ann. de China. Izxxii. 201. 

t Stronaeyer, £din. Jooi. of Science, xviii. 350. 

I i • 
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some experiments upon the urine of the lipn and the tiger, and 
obtained results differing from those of Strome/«r.*^ According 
to him it is alkaline at the time of its emission. It* contains, he 
says, a quantity of ammonia; but no uric acid nor phosphate 
of lime.' Vauquelin obtained from it the following substances: 

• ^Mucus.* Sal-ammoniac. * 

Urea, Trace of phosphate of lime. 

Phosphate of soda. Much sulphate of potash. 
Pliosphate of ammonia. Trace of common salt. 

XV. The urine of fowls, as was first ascertaiticd by Dr Wol- 
"lastooj* consists chiefly of uric acid. It sficras to be combined with 

ammonia, and is mixed with a good deal of animal matter. 

XVI. The urine (if that name can be given to a solid excre- 
mentitious substance) of the Boa constrictor was found by Dr 
Prout' to consist Jilmost envirely of urate of ammonia. This fact 
being communicated to Dr John Davy while in Ceylon, aljout 
the year 1817, he was induced to examine the excrements of dif¬ 
ferent'species of serpents-f When thrown out it has a butyra- 
ceous consistence, but becomes hard by exposure to the air. He 
founa it to consist chiefly rff uric acid, probably in the state of 
urate of ammonia. The urinary matter of lizards was similar. 
That of the alligator, besides uric acid, contains a large portion 
of carbonate and phosphate of lime. The urine of turtles was 
liquid, containing flakes of uric acid, and holding in solution 
a little mucus aud common salt, but no sensible portion of urea. 

Some experiments on the urine of lizards {Lacerta agillsi Seps 
viridis, varius, tenestris, sei'iceus, ccRruleus^ &c.) had been made 
by M. ^chriebers as early as 1813.^ He found it to consist of. 


Uric acid, 

94 

Ammonia, 

2 

' Phosphate of lime, 

3-33 


99-33 


So that he preceded Dr Davy, and probably alro Dr Prout, in 
. this curious investigation. 

* Ann. de Chim. Ixxxii. 198. f Ihil. Trans. 1818, p. 303. 

t Gilbert|s Annalen, .diii. 83. 
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CHAPTER XHI. 

OF SEMEN. 

The liquor secreted in the testes of males, and* destine]^ fof 
the impregnation of the female, is known by the name of semen. 
The human semen and the milt df fresh>water fishes alone have 
hitherto been subjected to a chemical examination. Nothing is 
known ooncerifmg the semen of other animals. Vauquelin pub-* 
lished an analysis of (ufinan semen in 1791.« Jordan made some 
experiments on it in ISOl.*!* Dr John also*exammed it, though 
1 have never seen the papd^ which he published on the«Bubject 
Berzelius likewise has subjected semen to a chemical ^xamina-' 
tiomt 

I. Semen, when newly ejected, is evidently a mixture of two dif¬ 
ferent substances. The one, fluid and milky, which is supposed 
to be secreted by the prostate gland; the other, which'fe consi¬ 
dered as the secretion of the testes or the true semen, is a thick 
mucilaginous substance, in wliich numerous white filameifts may 
be discovered. These filaments constitute a peculiar animal 
principle, which has been distinguished by the njjime of spermatin. 

Semen has a slight but unpleasant smell, an acrid irritating 
taste, and its specific gravity is higher than that of water. When 
rubbed in a mortar, it becomes froth}^ and of the consistence of 
pomatum, in consequence of its enveloping a great number of 
air-bubbles. It changes syrup of violets to green, from the un^ 
combined soda which it contains. • 

As the liquid cools, the mucilaginous part becomes thready, 
and acquires greater consistency, but ijj about twenty minutes 
after its emission, the whole becomes liquid*. This liquefaction is 
not owing to the absorption of mojsture, for it loses instead of 
gaining weight; nor to the action of the air, for* it takes place 
equally in vacuo. 

Semen is insoluble in water before thi^liquefaction, butafter<^ 
wards it dissolves readily^ in it When alcohol or chlorine is ad¬ 
ded to this solution, white flocks separate. ^ Alkalies readily dis¬ 
solve the semen, and it is soluble in concentrated sulphuric acid, 

* Ami. de Chim. ix. 64. t CrelPs Annalen, 1601, i. 461. 

t Tmt4 de Chiinie, vii. 558. 
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and in nitric acid when assisted by heat, but acetic acid only dis¬ 
solves it partially. *» * 

Lime ^sengages no ammonia from fresh semen, but after that 
fluid has rem&inedcfor some time in a moist and warm atmosphere, 
lime se|)arates a great quantity from it. Hence ammonia is 
•fornupd during the exposure of sem^n to the air. * 

When chlorine is added to semen, a number of wiiite flocks 
separate, and the chlorine loses its smell. If the quantity of c'hlo> 
rine be considerable, the semen assumes a yellow colour. 

When semen is exposed to the air about the*’temperature of 
‘30®, it-becomes gradually covered with a transparent pellicle, 
and in three or four days deposits small transparent cryshils, 
often crossing each other in such a manner as to resemble the 
spokes 6f a wheel. They are four-aided prisms terminated by 
very long four-sided pyranSids. Vauquelin considered them as 
crystals of phosphate of lime; but that salt never crystallizes in 
foim-sided prisms. It is much more probable that the crystals 
are of ammonia-phosphate of magnesia, which assumes the shape 
of a rectangular prism with a square base. 

If^ kfter the appearance..of tliese crystals, the semen be still 
allowed to remain exposed to the atmosphere, the pellicle on its 
surface thickens,^and a number of white round bodies appear on 
diflerent parts of it. These, according to Vauquelin, are con¬ 
cretions of phosphate of lime. They amount, he says, to tliree 
per cent of the weight of the semen. K at this period of the 
evaporation the air become moist, crystals of carbonate of soda, 
,and doubtless of common salt, appear in the substance. The 
evaporation does not go on to complete desiccation unless the air 
be very dry and the temperature at least as high as 77®, the resi¬ 
due amounts to onc-tqnth of the semen. It is translucent like 
horn, and brittle. ‘ ’ 

When semen is kept in very moist air, at the temperature of 
about 77®, it acquires a yellow colour like that of the yolk of an 
egg; its taste l^ecomes acid, it exhales the odour of putrid fish, 
^dits^ surface is covered with abundance of the By sms sepiica. 
When dried semen is exposed to heat in a crucible, it melts, 
acquires a’brown colqur, and exhales a yellow fume having the 
odour of burnt horn. When the heat is raised the matter swells, 


* Vauquelin, Ann. de Chim. iz. 71. 
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becomes black, and gives out a strong odour of ammonia. If the 
residue be Uxiw^ed with water, an alkaline solution is obtained, 
which ^ives crystals of carbonate of soda, and doubtless of com¬ 
mon salt. A little phosphate of lime remains. * 

The constituents of semen, according to the analysis of Vau- 
quelin, are,* • * • , • 

Water, , • 90 

Spermatin, * . 6 

Phosphate of lime, 3 

• Soda, . . ) • 

100 

But this analysis was madfi before chemistry had acquired the 
requisite precision. It capnot, therefore, be depended on. In 
a previous chapter of this volumc,*wliile treating of spermatin, 
the more recent experiments of Berzelius on human semen have 
been stated. • 

II. Fourcroy and Vauqueliu published a set of expertments on 
the milt of the carp in the year 1807,* from whioli it appears 
that the nature and composition of tliis substance is different from 
that of every other hitherto examined. The milt of this fish, as 
is well known, has a whitish colour, a soft consistence, a greasy 
feel, and a smell similar to that of fish. It is neither acid nor 
alkaline. When triturated with potash, no ammoniacal odour is 
exhaled, and it forms with the alkali a thick magma. Thirty 
parts of milt mixed with six parts of potash, and a sufficient 
quantity of water, and distilled, yielded only Iraces of ammoiii^ 
coming obviously from some muriate of ammonia, which exists 
naturally in the milt. When milt is dried slowly in a moderate 
heat, it loses three-fourths of its weight, becomes yellow and 
brittle. Wlien heated in a platinum crucHde it softens and then 
melts, exhaling yellow vapours having the smell of animal oil. 
The charcoal formed contains a notable quantity* of uncombined 
phosphoric acid, together with some phosphate of lime and phos¬ 
phate of magnesia. As the acid did not dxist in the milt,^it mu^ 
have been formed during the combustion ; and hence it follows, 
that milt contains a notable quantity of phosphorus as a consti¬ 
tuent. 

One hundred and twenty-three parts of fresh milt, cautiously 

* Ann. de Cbiin. Ixiv. 5. 
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distilled in an earthen-ware retort, gradually heated to white¬ 
ness, furnished the following products: 1. A. groat deal of 
colourless water holding in solution carbonate of ammonia, a good 
deal of prussiate of,ammonia, and traces of muriate of ammonia; 
2. A tratisparcnt oil 8lightl;y yellow; 3. A fluid blood-red oil; 
4, A jjthick blackish-brown oil; 5. Crystals ef carbonate and 
prussiate of ammonia; 6. A (quantity of phosphorus; 7. A small 
quantity of carbonic acid and heavy inflammable air. The char¬ 
coal remaining in the retort amounts to 7^ parts, and contains 
no disengaged phosphoric acid. 

r When milt is trityrated in distilled watc’f, a white opaque li¬ 
quid is obtained, whivjh does not become transparent though pas¬ 
sed through the filter. When the liquid is boiled, an albuminous 
matter coagulates; and if the residuary liquid he evaporated 
sufficiencly, it gelatinizes; a’proof that it contains gelatin. Al¬ 
cohol digested on milt dissolves a substance which possesses the 
properties of animal soap. When it is separated, the milt be¬ 
comes di’y and harsh to the feel; a proof that its unctuosity was 
owing to the^ presence of the animal soap. 

Thu^rit appears that milt/ 5 ontains albumen, gelatin, phospho¬ 
rus, phosphate of lime, phosphate of magnesia, and muriate of 
ammonia. 


CHAPTER XIV. 

, OF SYNOVIA. 

«k 

WiTHm the capsular ligament of the different joints there is 
contained a peculiar liqpor, intended evidently to lubricate the 
parts and to facilitate their motion. This liquid is known among 
anatomists by the name of s^runnov* 

The chemical constitution of this liquid has been but imper¬ 
fectly ascertained. It is mucilaginous like the white of egg, 

* • The' word synovia (from tut and probably from its resemblance to 
the white of.an egg), is said to have been first ufed by Paracelsus, and to have 
signified the juice which nourishes the different parts of the body. 1 find the 
word synophia used by him in that sense. See his Scholia in lihros paragra- 
phorim; de Gutta. Opera Paracelsi, i. 547. Geneva edition. 

3 
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transparent and ye^loyrish or reddish. Its taste is sligtitly saline, 
and its smell simitar to that of serum of l)lood. 

1. M. Dupuytren had an opportunity of examining the syno¬ 
via of the knee of a man who was affected wit];i a disease of that 
joint. It was viscid, thready, transparent, and slightly reddish. 
Its. specific gravity was 1*05!* MM. Lassaigne and Boisset oh-* 
tained from Dr Amussat a small quantity of synovia from the 
large joints of several dead bodies,* which enabled them to make 
some chemical experiments on itf From the method of extract¬ 
ing it by a spofige, it was necessarily mixed with distilled water, • 
It wiis colourless, had,a*slight smell, frothed^when agitateij, and 
restored the colour of reddened litmus-paper. Nitric acid and 
alcohol threw down white flfecks, and the infusion of nut-galls oc¬ 
casioned a yellowish-white precipitate. These reagents*«how the 
presence of albumen in human synofia. • 

When evaporated by a gentle heat, a white pellicle formed on 
its surface, which increased in thickness, iiind at last was preci¬ 
pitated in flocks, which were scjiaratcd by the filter. TMte liquid 
being evaporated, gave a yellow extract, having a saliqe and sharp 
taste. And cubic, crystals gradually formed in it. AlcoTkol dis¬ 
solved a yellow animal matter. The residue of the alcoholic so¬ 
lution being calcined, yielded chloride of sodiiyn, mixed with a 
little chloride of potassium. The portion insoluble in alcohol 
dissolved in water, and contained carbonate of soda, and an ani¬ 
mal matter containing azote, the nature of which was not ascer¬ 
tained. They could detect no uric acid in human synovia. The 
albumen precipitated contained a little fatty iflatter. ^ 

According to this analysis, human synovia contains, • 

Albumen. 

Fatty matter. ^ 

An animal substance soluble in water. • 

Soda. • . 

Chloride of sodium and potassium. 

Phosphate and carbonate of lime. 

Dr Bostock made some experiments oft the s^ovia from th^ 
knee of a man. It contained albumen coagulated and h^df-coa- 
gulated, and a mucoso-extractive matter always found in albu¬ 
minous fluid.l 

* Jour, de Medecine, Cfairurgie, &c. ii. 466. 

t Jour, de Pbarmacie, viii. 206. | Annals of Philosophy, xu. 121. 



504 


LIQUID PARTS OF ANIMALS. 

2. M. Iiiargueron examined the synovia of the ox in 1792.'^ 
The synovia which he subjected to experiment wcs from the joints 
of the legs, probably the knee-joint; though that is not stated. 

This synovia, when it liad just flowed from the joint, was a viscid 
semitransparent fluid, of a greenish-white colour, and a smell not 
unlike that of frog’s spawn. It soon acquired-the consistence of 
jelly, and this happened* whether it was kept cold or hot, and 
whether the air had access to It or was excluded. This consist¬ 
ence did not continue long. The synovia soon recovered its 
•fluidity, while at the same time a thready-like matter was depo¬ 
sited. ^ f.' . 

It readily mixed with water, and imported to that liquid a por¬ 
tion of its viscidity. When the mixture was boiled it became 
milky, and deposited some pellicles, but the viscidity was not di¬ 
minished. 

Alcohol precipitates albumen from synovia. Margueron found 
the- amount of albumen in the synovia which he examined to be 
4*52 per’-cent. The liquid still continued viscid. But when 
acetic acid was added to it, the viscidity disappeared, the liquid 
became?’ transparent, and deposited white threads possessing the 
following properties; 1. It had the colour, smell, taste, and elas¬ 
ticity of gluten of wheat. 2. It was soluble in concentrated 
acids, and alkaline hydrates. 3. It was soluble in cold water; 
the solution frothed. Alcohol and acids throw it down in flocks. 
It amounted to 11*86 per cent, doubtless weighed while moist 

The liquid, after tlie separation of this substance, being con¬ 
centrated, deposited crystals of acetate of soda, showing the ex¬ 
istence of soda in synovia. The quantity of soda amounted to 
0*71 per cent 

When strong sulphuric, muriatic, nitric, acetic, or sulphurous 
acid was poured into synovia, white flocks precipitated, but they 
were, soon redissolved, and the viscidity of the liquid continued. 
When very much diluted these acids precipitate the thready mat¬ 
ter, and the viscidity of the synovia disappears. 

Synovia, when kept In a dry atmosphere, gradually evaporat¬ 
ed, leaving a scaly residue, in which cubic crystals and a white 
saline efflprescence were apparent. The cubic crystals of com¬ 
mon salt amounted to 1*75 per cent of the synovia. The white 
efllorescence was carbonate of soda. 

* Ann. de Chiin. xir. 124. 
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Synovia soon putrefied in a moist atmosphere, and during the 
putrefaction amdlonia was exhaled. Wi'ihen distilled per se, wa¬ 
ter, aiymonia, cmpyreumatic oil, and carbonate of ammonia came 
over. The residue contained common salt^ .carbonate of soda, 
and phosphate of lime. • * 

,Accordin*g to Margucron; the synovia of the ox is compo^d ofj 


Fibrous matter, . • 

11*86 

Albumen, .* 

4*52 

Common salt. 

1*75 

Soda, 

0*71 

Phosphate of lime, 

,0*70 

Water, 

«0*46* 




, . 100*00 ^ 

It is impossible not to be struck l>y the great resemblance of 
the synovia examined by Margueron to the serum of blood. Is 
it not possible that he may have obtained^crum or lymph instead 
of synovia ? * * 

3. Dr John made some experiments on the synovia extracted 
from the healthy joint of a horse.* • It was light yellowish-red, 
clear, of the specific gravity of 1*099, restored the blue colour to 
reddened litmus-paper, and was coagulated by a boiling heat. 
He found the constituents as follows: 


Water, .... 92*8 

Albumen, .... 6*4 


Animal matter not coagulable, with carbonate 
of soda and common salt, . * 

Phosphate of lime, 


0*6 

0*15 


Phosphate of soda, 1 
Ammoniacal salt, J trace. 




• . 99*95 

He examined also the synovia from an ankylosed joint in con¬ 
sequence of a wound. It was red, muddy h'om flocks of albumen, 
thick and reddened litmus-paper. It Coagulated when, heated. 
It contained insoluble albumen, soluble albumen, free phosphoric 
acid, and the same salts as healthy syuovja. 

4. In 1817, M. Vauquelin examined the synovia of an ele¬ 
phant that died in the Jardin du Roi at Paris, f 


♦ Chem. Sebr. vi. 146. 


t Jour, de Pharmacie, iii. 289. 
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It had a slight colour, doubtless, from an admixture of a little 
blood. Its consistence i& thready, like that of a*^decoetion of lint- 
wed, feel soft, taste slight, but saline. On standing a few. hours 
it deposits while filaments, apparently of fibrin, (6 ounces depo¬ 
sited onl^ 1 grain.) But it'mmounted to only j^V^th of the sy- 
ifovia^ He found its constiiuents"aniilar to these of^the synovia 
of the ox. Vauquelin conceives, that, besides albumen, it con¬ 
tains a peculiar substance, neither coagiilable by heat nor acids, 
but capable of being precipitated by tannin. He found also so- 
chloride of sodium, and chloride of potassium,'but could not 
dtscover'any alkaline phosphatesf, ' ^ 

5. Mr Brande, in the year 1809, made some experiments on 
the synff7ia of the shark {Squalus \naximns.)* In these fish 
there exisi in the vertebrae a peculiar synovia, which fills the ca¬ 
vities between each. Mr Brande found this synovia of the speci¬ 
fic gravity 1*027. It had the smell of fish oil. It did not mix 
with water till the action was assisted by heat. The solution was 
neither precipitated by boiling, nor by alcohol, nor by tannin. 
It contains in solution a substance approaching to mucus by its 
properties; but which, in certain circumstances, is transformed 
into a modification of gelatin and albumen. It is probably a 
substance sui generis. 

Such is the imperfect collection of chemical facts hitherto as¬ 
certained respecting synovia. We do not know as yet whether 
it contains any peculiar animal principle, though such an opi¬ 
nion is at least probable. 


CHAPTER XV. 

OF MUCUS. 

^ Tiro word miicus in the Latin language signifies properly the 
gelatinousdooking matter secreted in the nose, to defend it from 
the action of the air that' passes through it, and vulgarly called 
smt But in chemistry, it is used to denote the slimy transpa- 
^ rent matter, which linestall the cavities of the body through which 
foreign matters pass, in order to protect the internal surface of 

• Phil. Trans. 1809, p. 184. 
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these cavities from &ie«actioii of those foreign matters. It is chs- 
tinguished by tli^ name of the cavity i* which it is secreted. 
Thus wp have the mucus of the mouthy of tlie nose, of the trachea; 
of the stomach and intestines, of the gallbladder, altd of the uri¬ 
nary organs, * • 

!0y mucus is meant in chdhiistry a solid body, which doegnot* 
dissolve in water; but which absorbs that liquid, swells up, be¬ 
comes soft, viscid, and even half-fluid in some cases. It is se¬ 
creted by small glands'scattered over the mucous membranes, 
which throw it out, and spread it equably over the whole surface * 
of the mucous membsane. It is soaked vi|th water, Vdding^ 
in solution the same salts which exist in*the serum of the 
blood. * • 

Its characters v^ry somewhat in different mucous meflibranes, 
doubtless according to the nature of the foreign substances from 
which it is intended to protect the membrane on which it is spread. 
On this account it will be requisite to give.the chemical proper¬ 
ties of the different species of mucus so far as they hdi'e been 
determined. • 

1. Mucus of the mouth, —This mucus subsides from* saliva 
left at rest in small white flocks. In sulphuric, muriatic, and 
acetic acids, it becomes transparent and horny., But it does not 
dissolve in these acids, nor give out any phosphate of lime to 
them; though when incinerated it always leaves traces of that 
salt.» 

2. Mucus of the nose ,—This mucus, when secreted from a 
healthy membrane, is white or colourless, translucent, luadec^ 
with water, so as to assume much of the appearance of 4hat por¬ 
tion of gum-tragacanth which is insoluble in cold water after it 
h a s imbibed as much as it can of that liquid. In tfcie first stage 
of a catarrh, it is secreted ifl greater abfuidance than usual, 

' and is at first transparent and aljnost altogether liquid ^ but 
as the disease advances the mucus acquires more and more 
consistency, becomes white and opaque, and ^finally yellow* 
and nearly solid. Healthy mucus of the "nose, according to the 
analysis of Berzelius, is composed of the following constitu¬ 
ents; 


* Berzelius. 
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Water, 

Mucus, . < . u • 

Chlorides of potassium and sodium. 

Lactate of soda with animal matter, 

Soda, • . • 

' Albumen and animal matter soluble in watec, but in¬ 
soluble in alcohol, with trace of phosphate of soda, 


933.7 

53*3 

5*6 

3-0 

0*9 


} 


1000 - 0 * 

When the mucus of the nose is immersed in water, it imbibes 
30 mueh as to become transparent and almost invisible; and 
when dried on blotting-paper, loses nearly all the moisture 
which it had imbibed. This may be repeated as often as we 
please;»but the muciis gradually^ assumes a yellow colour. 
Though boiled in water it does not lose its mucilaginous nature. 

It dissolves in dilute sulphuric acid. Nitric acid at first coa¬ 
gulates it; but if the jiigestion be continued the mucus is at last 
dissolved into a clear yellow liquid. Acetic acid hardens, and 
docs not dissolve it even at a boiling heat. Caustic alkali ren¬ 
ders it at first more viscid ; but at last dissolves it into a clear 
liquid. Tannin coagulates it 

3. Mucus of t^ie bronchi® in a state of health, when expecto¬ 
rated, is pretty similar to the mucus of the nose, only its consist¬ 
ence is greater and its colour bluish. It possesses, so far as I 
have tried them, the same characters as the mucus of t^e nose. 
The blue colouring matter is probably derived from matter sus¬ 
pended in the air 'drawn into the lungs. It has been remarked 
to be darker in those who live in great towns than in those who 
live in the country. 

Dr Pearson made numerous experiments on the matter ex¬ 
pectorated from the lungs, which* were published in the Philo¬ 
sophical Transactions for 1809. »He distinguished seven difier- 
ent kinds of it. 1. The jelly-like transparent kind of a bluish 
' hue expectorated in health. This is the true mucus of the bron- 
chiae. 2. The thin mudlage-like transparent matter so copi¬ 
ously expectorated in bronchial catarrh. 3. The thick opaque 
straw-colotured, or white and very tenacious matter coughed up 
^in a great variety of bronchial and pulmonary affections. 4. 
Puriform matter secreted without any breach of surface of the 


Annals of Philosophy, ii. 382. 
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bronchial membranes ^in pulmonary consumption. 5. Mixtures 
of the second, tllird, and fourth kinds of matter. 6. Pus from 
vomicaa of tubercles. 7. Pus from vomic® of am^le inflamma¬ 
tion of the lungs without tubercles. • 

He made ^no attempt to ascertain fhe properties of the mucus 
contained in these*t;xpectorated matters, but determined the saline 
contents, and found them to be, 1. Cpmmon salt, in the proportion 
of from 0*15 to 0*25 per cent; 2. Phosphate of limo, about 
0*05 per cent j 3. Ammonia united probably with phosphoric^ 
acid; 4. Phosphate of magnesia ? 5. A sulphate; 6. Carbonate 
of lime; 7. Silica ? dt ^xide of iron. • ♦ • • 

Dr Golding Bird has made some interesting experiments on 
the mucus secreted so abunSantly during the first stage^bf acute 
bronchitis. Whon freed from air bubbles it is a transparent co¬ 
lourless liquid, rendered reddish brown by sulphuric acid, but 
the colour disappears on adding water. Nitric acid at first co¬ 
agulates it, but dissolves it when heated. • Muriatic acid^gives it 
a lilac tint. Ammonia, by the assistance of heat, produces a 
gelatinous solution, becoming turbid when diluted* witl^water. 
Acetic acid produces a partiial coagulation. Infusion of nut- 
galls causes a copious precipitate. When evaporated to dryness 
it leaves a gum-like residue, leaving, when incinerated, a white 
alkaline carbonate. 

When exposed for a few days to the air it lets fall a cream-co¬ 
loured deposit, possessing the characters of coagulated albumen.* 
Dr Babington has shown that the bronchial mucus is always 
alkaline, f * 

4. Mucus of stomach and intestines, —In these organs the mu¬ 
cus covers the whole internal surface. When an animal is kil¬ 
led after a long fast we may i^rapc a gi^| deal of mucus from 
the mucous membrane, and obtain it pure by washing it i^ dis¬ 
tilled water. It is a white translucentgelatinous-looking substance, 
without taste or smell. When dried it loses the property of be- » 
coming mucilaginous when water is poiyed over it; but if we 
add a little alkali to the water the gelatinous state is instantly* 
restored. From this we«ce the use of the small quantity of soda 
which this mucus always contains in its natural state. 

Acids coagulate it, even acetic acid, and often make it assume 
the form of a kind of cake. Acids do not dissolve it even at a 

• Phil. Mag., (3d aeries) xiii. 15. f Guy’s Hospital Rejgorts, ii. 539, 
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boiling temperature; though they dissolve something. If we 
decant off the acid, and then treat the mucus with water, an ad< 
ditional portion is dissolved, these solutions are precipitated by 
the infusion bf nut-galls, but very seldom by prussiate of potash. 
Very dilute caustic potash^or soda readily dissolves the mucus of 
*the intestind^. From this solution it is thrown down in great 
part by the acids. It isT dissolved also by very dilute ammonia, 
and eqpally precipitated by acids. 

5. Mucus of gall~hladder ,—This mucus in its natural state is 
more transparent than that of the nose, but has a yellow colour 
l)bvioudy from a mixture of bile. When dried it loses the pro¬ 
perty of becofhing gelatinous from imbibing water, all the acids 
coagulate it into a yellow mass, which reddens litmus. Alkalies 
make it’again viscid. Alcohol coagulates it into a horny mass, 
which cannot again be rendered gelatinous. If we neutralize by 
an acid the solution of tills mucus in potasli ley, we obtain a mud¬ 
dy thready solution. 

According to Fromherz and Gugert, the solution of the mu¬ 
cus of ^the Imman gall-bladder in potash ley is not precipitated 
by muriatic acid, unless we add at the same time a portion of tinc¬ 
ture of nut-galls.* 

Tiedemann and Gmelin made several experiments upon the 
mucus from the gall-bladder of oxen. It was soft and greenish 
in its natural state, but when dried, it became hard, brittle, and 
deep grayish-green. It swelled when heated, and burnt with 
dame, and giving ^out the smell of burning horn. The ashes con¬ 
stituted 8 per cent, of the dried mucus. They consisted chiefly 
of phosphate of lime with a little carbonate, and contained traces 
of an alkaline sulphate and chloride. This mucus was partially 
dissolved by dilute sulphuric and mimiatic acid, and the solution 
was slightly precipitated by tincture of nut-galls, but nitric acid 
did Hot seem to dissolve any •■of it.' What remained insoluble in 
. the acids being digested in hot water, was partially dissolved and 
the solution w'aa precipitated by tincture of nut-galls. It soften- 
•ed and partly dissolved in araraonia.t 

6, Mucm of urinary bladder and y^dhra ,—When fresh, it 
is white and translucent When dried, it assumes a rose-red 
colour, and is but little softened by water. It is not altered by 
acids; ammonia sometimes increases its viscosity, sometimes not 

* Schweigger’s Jour. 1. 70. t Recberches sur la Digestion, i. 43. 
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When heated over a jq)irit lamp it dries, swells alittle, and is char¬ 
red, and hurnii!^ with a small flame. When digested in ether, 
a littlQ fatty matter is dissolved, to which the flame was doubt¬ 
less owing. When examined by the microscope, if appears com¬ 
posed of irregular transparent plateS, mostly colourless* though 
sopietimes yellowish. When globules appear in if the mugus II 
probably partially converted into pus.* The diameter of these 
globules varies from Tjloth to -j J^gth of an inch. , 


•CHAPTER XVI*. 

• • 

OF TEARS. 

» 

• • 

The fluid which is employed in lubricating the eye, and which 
is emitted in considerable quantity, when we express grief by 
weeping, is known by the name oi tears. • It is secreted by the 
lachrymal gland, a conglomerate gland about three-quarters of 
an inch in length, and half an inch in breadth, situate;^ in the 
upper and outer part of the orbit -No attempt has been made 
to make a chemical examination of the tears, since the experi¬ 
ments of Fourcroy and Vauquelin in 1791.* 

The liquid, called tears, is transparent and colourless like 
water. It has no perceptible smell, but its taste is sensibly sa¬ 
line. Its specific gravity has not been determined, though it is 
known to be heavier than distilled water. ^It tinges syrup of 
violets green, and of course contains a free alkali. It may he 
mixed with water in all proportions. Alkalies unite ^«-ith it rea¬ 
dily, and render it more fluid. The mineral acid^ do not sensi¬ 
bly alter it. ^iVhen exposed to the air^t gradually evaporates 
and becomes thicker. Ahout*the end of tile evaporation a num¬ 
ber of cubic crystals of coiflmomsalt make their appearance. 
They give a green tinge to vegetable blues, and* therefore con^, 
tain an excess of alkali. The mucous animal matter of tears ac¬ 
quires a yellow colour as it dries. Tears*boil like water, except* 
ing that a considerable J-oth collects on the surface. When boil¬ 
ed to dryness over the steam-bath, teai» lose 96 per cent of 
their weight, which flies off in the state of water. The remain¬ 
ing 4 parts have a yellowish colour. When strongly heated, 


• Jour, de Pbys. xxxix. 254. 
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^ * 0 
water and a little empyreumatic oil is driven off. The residue 

conrasts of common saltf mixed with some soda had small qtianti> 

ties of the phosphates. 

Alcohol precipitates white flocks from tears. These flocks were 
considered by Fourcroy and Vauquelin as constituting a species 
^of mucus. This mucus, they say, has the property of absorbing 
oxygen from the atmosphere, and of becoming thick and viscid, 
and of g. yellow colour. It is then insoluble in water, and re¬ 
mains long suspended in it without alteration. When chlorine 
is added to tears, a yellow flocky precipitate falls, possessing the 
Same properties as kispissated mucus. Ibis property of the mu¬ 
cus of tears edables^us to understand the alterations which that 
liquid undergoes when long exposed to the action of the atmo¬ 
sphere, is the case with those persons who labour under a^s- 
iula lachrymalis. 

The substances found in tears by Fourcroy and Vauquelin 

are the following: 

Water. Soda. 

JVIucus; Phosphate of lime. 

Common salt. ' Phosphate of soda. 


CHAPTER XVII. 

OF THE LIQUORS OP THE EYE. 

The globe of the eye consists of several coats inclosing with¬ 
in them three different humours. The one farthest back, and 
constituting 6, considerable portion of the eye-ball, is called the 
vitreous humour. It is a transparent and colourless liquid inclos¬ 
ed in a great number of cells. Between the cornea and the lens 
of ifa!^ eye, there is another colourless and transparent liquid cal- 
.^ledthe aqueous humour; and the crystalline lens, though not li¬ 
quid but solid, has got the improper name of the crystalJme hu¬ 
mour of the eyes. 

The first* attempt to examine these three humours, and to deter¬ 
mine their chemical constitution, was made by Mr Chenevix in 
1802.* He made bis experiments on the eyes of sheep and oxen, 
and made some observations also on the humours of the human 


* Phil. Trans. 1808, p. 195. 
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eye. Soon after, Mr, Nicolas made a set of experiments on the 
eyes of sheep and oxen, and announced the presence of phos¬ 
phate of lime in all the humours, though Chenevix had not been 
able to detect any.* In 1808, Berzelius publish^ the second 
volume of his Animal Chemistry, in'which he gave an 'account 
of a set of cjfperiinents which he had made to determine therche-' 
raical constitution of these luimours.t Tl)e same experiments were 
republished in the General Views hf the Composition of Animal 
Substances, published in English in 1813.| Jle was equally un¬ 
successful with l^hencvix in his attempts to detect the presence 
of phosphate of lime ip these humours. , ' V , 

I. Eye of tlie sheep. • ’ 

1. The aqueous humour df the eye of the sheep is a clear and 
transparent liquid like water, having (while fresh) v^ry little 
taste or smell. Its specific gravity at GO® is 1*0090, as determined 
by Chenevix. Nicolas rates it as low as 1*C009. 

It s(;arcely alters vegetable blues while fresh, but when kept, 
ammonia is generated, wliich gives it an alkaline fbaction. 
When heated to the boiling temperature, a very slight coa^ulum 
appears. Chenevix says that when, evaporated to dryness, it 
leaves a residuum weighing not more than eight per cent of the 
original liquid. But there must be a raistiike in the statement, 
as no other experimenter has obtained a residue weighing so much 
as 2 per cent. Tincture of nut-galls occasions a precii)itate both 
before and after it has been boiled. Eroin this Chenevix infers 
that the aqueous humour contains gelatin. But it is more pro¬ 
bable that the precipitate by tannin after boilidg proceeds from « 
a residue of albumen which had not been thrown down by boil¬ 
ing, Nitrate of silver detects in this liquor the presence of chlo¬ 
rine. Acetate of lead throws down a white matter, tut no pre¬ 
cipitate is produced by any other metallic salt. 

• The constituents of the aqueous humour of the shcep*s eye,ac¬ 
cording to Berzelius, are 

Water, . . . 98*10 

* 

Albumen, . . * . trace. , 

Chlorides and lactates, . . 1*15 

Soda with animal mafter soluble only in water, 0*75 


Ann. de Chim. liil. 907. 
Annalii of Philosophy, ii. 385. 


f Djurkemie, ii. 206. 
R k 


100* 
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2. The vitreous humour possesses the same properties as the 
aqueous. Its specific gravity, as determined byXlhenevix, is the 
same as that of the aqueous humour. Its constituents, accord¬ 
ing to the analysis of Berzelius, are 

Whter, . *• . . 98*40 

• ^Albumen, . . . „ 0*16 

Chlorides and lactates, . . 1*42 

Soda, with animal mai^r soluble only in water, 0*02 


" . 100*00 
3. The crystalline lens is solid and t;;ansparent, it is com¬ 
posed of a congeries of very fine coats. Its specific gravity is 
1*1000. But it is densest and most solid in the centre, and the 
specific gravity and consistency gradually diminish as we ap¬ 
proach the circumference. Chenevix found the weight of a fresh 
crystalline lens of an ox to be 30 grains, and its specific gra¬ 
vity was 1 *0765. On paring away the external portion, and leav¬ 
ing only a central nucleus weighing 6 grains, the specific gravity 
of this nucleus was 1*1940. 

It dissolves almost entirf^ly in water. The solution is partly 
coagulated by heat and ^ves a copious precipitate with tannin, 
both before tliis coagulation and after it. Berzelius conceives 
that this property is owing to the presence of a peculiar matter 
possessing all the characters of the colouring matter of the blood, 
except the red colour. But what was considered as the colour¬ 
ing matter of blood when Berzelius made his experiments, was 
, chiefly albumen, out containing a very little fibrin and hemato- 
sin. Hence it is probable that this peculiar matter is chiefly al¬ 
bumen. The constituents of the lens were found by him to b^ 
Water, * . . . . 58* 

Peculiar matter, , * . . 35*9 

Chlorides^ lactates, animal matter soluble in alcohol, 2*4 
Animal m?\tter soluble only in water, with phosphates, 1*3 
Insoluble cellular membrane, . . 2*4 

r 

100*0 

The peculiar matter of the lens when burnt leaves a little ash 
containing a very small portion of iron. When its solution in 
water is coagulated by boiling, the liquid in which the coagulum 
was formed reddens litmus, has the smell of the humours of the 
muscles, and like them, contains free lactic acid. 
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IL The humours of the human eye are composed of the same 
ingredients ^ Ijjipse of the sheep; though they differ somewhat 
in their specific gravity. The specific gravity of the aqueous and 
vitreous humours is 10053, and that of the crystalline lens 107 90 
as determined by Chenevix. ^ • 

in. The •humqiu's of tho eyes of oxen resemble, those of th® 
shdep in their composition. The speci^c gravity of the aqueous 
and vitreous humours is 1*0088, and that of the lens 1*0765, as 
determined by Chenevix. ^ • 

From the specific gravities of the aqueous aq^l vitreous hu-* 
mours compared with that of the lens in difierent^nimi^s^ Chq- 
nevix has concluded that the difference bq^ween,the density of 
the aqueous and vitreous humours and of the lens, is in the in¬ 
verse ratio of the diameter of the eye, taken from the «omea to 
the optic nerve. * * • • 

IV. Chenevix examined also the humours of the eyes of birds. 
He found them composed of the same materials as the eyes of 
sheep. But in birds the specific gravity of the vitreous Jiumour 
was greater than that of the crystalline. * 

V. Lassaigne examined the vitreous humour of a blind horse. 

Its specific gravity was 1*059, while that of the vitreous humour 
from a healthy eye was only 1 *0008. The vitreous humour in 
the blind horse was very thick, yellowish, red and muddy, from 
coagulated albumen floating in it. The albumen in solution 
amounted to about eight per cent. It was yellow, soluble in alco¬ 
hol, and resembled the brown colouring matter of bile, and the 
salts (similar to those in blood) were more«ibundant than in 
the healthy vitreous humour, f ^ * 

In the year 1821, Dr Rudolph Brandes made a chemical ana¬ 
lysis of the crystalline lens of a horse,and obtained the follow¬ 
ing constituents: • **« 


Water, . ^ 

75. 

Albumen soluble in cold* water. 

7 

Albumen insoluble in cold water and ap- \ 
preaching fibrin in its nature * / 

12 * 

Sidphate, muriate, lactate of potash and ^ 

• • 

soda, with £»substance precipitated by v 
tincture of nut-galls, •* } 

1 


95 

* Journal of the Royal Institution, L 297« f Jour. China. Med.- iv. 476. 
Schweiecer’s Jour. xxxi. 194. 
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Brought over, 95 

Phosphate of Jimc, . * tBace. 

95 

lioss, 5 

100 

VI. A curious set of experiments has been made by Leopold 
Gmelin on the black pigment, which lines the choroid coat of 
Jie eye. Froj?i 500 eyes of oxen and calves he collected 75 
grains, rf thistsubstance. Its colour is blackish brown. It is 
tasteless, and adheren to the tongue like clay. It is insoluble in 
water, alcohol, ether, oils, lime-watei’i and distilled vinegar. It 
dissolves 'in potash and ammonia when assisted by heat, and is 
again precipitated by acids. Sulphuric acid dissolves it and ac¬ 
quires a black colour. Muriatic acid forms only an imperfect 
solution. Nitric acid dissolves it, and changes its colour to red¬ 
dish-brown. When distilled it yields water, a brown oil, and 
carbonate of ammonia. It gives out at the same time carburetted 
hydrogen, carbonic oxide, azotic and oxygen gas. The coal re¬ 
maining in the retort consists almost entirely of charcoal. * 


CHAPTER XVIII. 

OF CERUMEN. 

n 

Cerumen* or ear-wax is a yellow-coloured liquid, secreted by 
the glands of the auditory canal, which gradually becomes con¬ 
crete by exposure to the air. It is intended to lubricate the ca¬ 
nal, to keep the parts'^soft, and to prevent insects from making 
their way to the tympanum. This, secretion was first subjected 
to a chemical .examination by Fourcroy and* Vauquelin, who 
was supplied with a sufficient quantity of serum for the purpose 
by M. Halle. Pourcrcy has stated the result of this examina¬ 
tion in his Sys^me des Connoissaiices Chimiques.X In the second 
volume of Berzelius’s Animal Chemistry, published in 1808, he 

* Scliweigger*s Jour. x. 507. 

f From itNgec, wax, from its resemblance to wax. 

Z Vot. ix. p. 454 of the English translation. 
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merely gives the insult of Vauquelin’s analysis, withbut adding 
any additional ^i^ts of his own.* Nor does he take any notice 
of cerumen in his Geiueral Views of the Composition of Animal 
Fluids, published in ISlS.f But in the stwenth yolume of liis 
Traite do Chimic, published in 183^ he give's the result of a set 
of cxperimetits which he had made on that secretion. To thes^j 
chhmists, so far as my knowledge extends, wo are indebted for all 
the chemical knowledge of cerumen which w'e at present possess. 

W hen collected, it has an orange-yellow colour, and a bitter 
taste, and has* a consistency nearly equal to tl^t of soft wax. 
When slightly heated on paper it melts and stain^the pi^er like 
a fixed oil; at the same time it emits a sligjftly aromatic odour. 
On burning coals it softens, gives out a white smoke similar to 
that emitted by burning fat. It afterwards melts, sj^ells, be¬ 
comes dark-coloiflred, and emits an ^moniacal and empyreuma- 
tic odour. A light coal remains behind. When cerumen is 
agitiited in water, it forms a kind of emulsion, which soon pu¬ 
trefies, depositing at the same time white'flocks. ., 

According to Vauquelin it is composed of. 

Brown oil, . 62*5 * % 

Albumen, *. 37*5 

100*0 

The oil is butyracious and soluble in alcohol. The albumen 
conbiins a bitter extractive matter, the proportion of which was 
not ascertained. 

Berzelius found that when cerumen was taeated with ether it 
swelled up a little, and the ether extracted a fatty matter, whicR 
scarcely coinmunicatcd any colour to it AVIien we mix the 
ether with water and distil, the fatty matter remains on the sur¬ 
face of the water without bei^g in the leSis| soluble in that liquid. 
This fatty matter has the consistence of duck’s grease. It docs 
not redden litmus, melts easily info a transparent yellowisli oil; 
but resumes its white colour on cooling and concreting. This* 
fatty matter contains stearin and olein separable*from each other 
by alcohol. It is easily converted into a soap, which has^ smelf 
analogous to sweat When the soap is decomposed by muriatic 
acid, the oily acids separate in a white powder, which melts at 
about 104®. 

* Djnrkemien, ii. 228. 


t Annals of Philosophy, ii. 19, 
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The cerumen thus deprived of its fat by ether gives a brown¬ 
ish yellow colour to alcohol. When the alcohol is evaporated 
it leaves a brownish-yellow extractive matter, which is soluble in 
water. When the aqueous solution is evaporated to dryness, it 
leaves the matter under the form of a deep-yellow, transparent, 
brilliant vam'sb. It has no smell, bat an extremely bitter taste. 
When exposed to the air it softens and becomes viscid like tur¬ 
pentine, When burnt it gives' out an animal odour, and leaves 
an ash composed of carbonate of potash and carbonate of lime, 
its solution in water is yellow, and is not precipitated by nitrate 
of silver, 'showing that it contains no chloride. Oxalate of am¬ 
monia throws down lime. Nitrate of lead precipitates the bitter 
tasted substance, and discolours the liquid. It is also precipitated 
completely by the protochloride of tin ; but not by corrosive 
sublimate, and very imperfectly by the tincture of nut-galls. It 
is obviously a peculiar animal principle, which ought to be distin¬ 
guished by a peculiar name. The term oUn might perhaps an¬ 
swer theipurpose. 

When the portion of cerumen insoluble in ether and alcohol 
is digested in water, that liquid dissolves a small quantity of a 
pale-yellow matter, which may be obtained by evaporating the 
water. It has a sharp taste, and is neither precipitated by lime- 
water nor by diacetate of lead, corrosive sublimate, nor infusion 
of nut-galls. 

The residue of the cenimen insoluble in ether, alcohol, and 
water constitutes a great proportion of it When this residue 
is digested in acetic acid, it swells up and becomes gela- 
latinous ;^but when we diluce the mixture with water, the acid, 
even after several weeks’ digestion, dissolves but a portion of the 
whole. The solution is yellowish, and when evaporated to dry¬ 
ness, leaves a mass insoluble in waiter, but soluble in dilute ace¬ 
tic ajpd, from which it is precipitated by prussiate of potash, 
showing that it^contains albumen. The prussiate of potash does 
not precipitate the whole. For the liqmd is still precipitable by 
the infiirion of iIut-gallE. 

The*portion of cerumen insoluble in acetic acid is much more 
conriderable than that which dissolves. It is a brownish, muci¬ 
laginous, translucent mass, which falls rapidly to the bottom of 
the liquid. When digested in caustic potash at the temperature 
of about 100°, very little of it dissolves. The solution is yellow- 
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ish. It is not precipitated when supersaturated withVcetic acid, 
and prussiate ^^otsush does not throw ^own any thing from the 
acid liquor, but the infunon of nut-galls throws down a copious 
precipitate. , • 

The portion insoluble in potash when burnt exhales the smell 
of burning hnirnsj matter, and leaves a very little, alkaline asU 
Boiled in a very concentrated solution/>f caustic potash, it*gives 
the liquor a brownish-yellow colotif, and emits the smell of horn 
subjected to the same treatment A little matter falls,* which is 
a compound of the dissolved substance and potash. It is soluble 
in water. Thus, thc^substance in cerumen, whic\ resist the ac¬ 
tion of all the reagents except very concentrated, caustic potash, 
possessed many of the properties of horn, though it differs from 
that siibstance in several of its characters. • 

From these experiments of Berzelius, it appears, that cerumen 
is composed of. 

Stearin. Yellow matter soluble in water. 

Elain. Albumen (uncoagulated). •• 

Otin. Albumen (coagulated). 

Lactates of lime and potaslA>r soda. 


CHAPTER XIX. 

OF PERSPIRATION AND SWEAT. 

That a quantity of matter is constantly emitted from the skin 
has been long known, as this matter in most cases is dissipat- 
ed as fast as it is thrown out of the body, and of course without 
being perceived, unless peculiar contrivances be used to detect it; 
it has got the name of insensible perspiftxtiDn, • 

Many experiments have b^n made to determine the quantity 
of matter perspired through the skin. For the first set and not 
the least remarkable, we are indebted to SaneCorius, who con* 
tinned them for no less than thirty y«ys. Aecording to him, 
the average quantity of matter perspired through the skin in 
natural day amounts tu not less than 50 ounces.* A similar 
set of experiments was afterwards made* in France by Dodart, 
and in England by Keil. According to Dodart the perspira- 

* See Quincy’s Medicina staiica, p. 54. 
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tion amounts to 24 ounces in twenty-four hours. According to Keil 
it is rather more than 31 punces, or very nearly ^^Ibs avoirdupois.* 
Dr Bryan Kobertson and Mr Rye made a similar set of experi¬ 
ments in Ireland, m did Dr Lining in Carolina. But these expe¬ 
rimenters neglected to distipguish the matter perspired through 
^hc shin fronj what was thrown out by the lungs. 

Lavoisier and Seguin yrere the first persons who attempted to 
ascertain the amount of the matter perspired by the skin, and to 
separate it from what was thrown out by the lungs. A bag com- 
iposed of vami^ed silk, and air-tight, was procured, within which 
Scguin,.,who Tyas usually the subject of experiment, was enclos¬ 
ed ; every par|; of tt\e body being included. There was a slit 
in the bag opposite to the mouth, and the edges of the slit were 
accurately cemented round the mouth by means of a mixture of 
turpentine and pitch. Thus everything emitted from the body 
•was retained in the bag, except what made its escape from the 
lungs during expiration. By weighing himself in a sensible ba¬ 
lance before the ex])criment began, and again after he had been 
for some time enclosed in the bag, the difference of weight 
gave the matter exhaled from the lungs. AVhile the weight of 
the bag before and tifter the experiment giivc data for deter¬ 
mining the quantity of injitter exhaled from the skin during the 
same length of time. Tlie following facts were ascertained by 
these experiments: 

1. The maximum of matter perspired in a minute amounted 
to 26*25 grains troy; the minimum to 9 grains ; which gave 
17*63 grains at a medium in the minute, or 52*89 ounces' in 
twenty-four hours. This is very near the quantity stated by 
Sanctorius as the result of his numerous experiments. 

2. The quantity perspired is increased by drink; but not by 

solid food. „' 4 - 

3. .Perspiration is at its minimupi immediately after a repast 
It reaches its maximum during digestion, f 

n Mr William Cruikshanks published a work on insensible per¬ 
spiration in 1795. He. seems to have been the first person who 
thought of collecting the matter perspired so as to be able to 
judge of its nature. He inclosed his hand within a glass vessel 
and luted its mouth to his wrist by means of a bladder. The 
interior surface of the glass b.^came gradually dim, and drops of 

* Sec Quincy’s Medicimt slaticUf p. 323. 
t Fourcroy, 276, English translation. 
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water trickled dowfi. By keeping his hand thus encfosed for an 
hour, he collec^^ 3b grains of a liquid which possessed the 
properties of water. On repeating the same experiment at nine 
in the'evening (thennometer 62“), he collected oaly 12 grains. 
The mean of these two trials is 21 grains.* But as the hand is 
more expo^d than the tnunk of the body, it js reasonable 
to*believc that the perspiration from tlje trunk is greater* than 
from the hand. Let us thereforeitake 30 grains per hour as the 
m&n, and let us suppose with Cruikshanks, that the liantl is one- 
sixtieth of the surface of the body. The total per»pi|^tion in twenty>« 
four hours would amount to 43,200 grains, or ounqpg troji. 
This being much more than the quantity sta,!ed by Lavoisier and 
Seguiii, or even than the amount ascertained by Sanctorius, we 
must conclude that more matter is perspired from the hand than 
the trunk, ])rovided Cruikslianks’ estimate of the ratio between 
the surface of the hand and the body be not erroneous. 

He repeated the experiment again after hard exercise, and col¬ 
lected in an hour 48 grains of water, rfe found that this aque¬ 
ous vapour pervaded his stocking with case, and that it made its 
way through a shamoy leather glove, and even through if leather 
boot, though in much smaller quanfity than when the leg want¬ 
ed that covering.f 

It is evident from these experiments of Cruikshanks just stat¬ 
ed, that the matter perspired consists chiefly of water. But it 
follows also, from his experiments, that carbonic acid gas is 
evolved from the skin. The air of a glass vessel in which his 
hand and foot had been confined for an hour contained carbo¬ 
nic acid gas ; for a candle burnt dimly in it, and it,reudcre3 
lime-water turbid.^ M. Jurine found that air which had remain¬ 
ed for some time in contact with the skin consisted in a great 
measure of carbonic acid ga^.§ The Sapie conclusion follows 
from the experiments of Ingenhousz and Milly.(j Trouss^ ob¬ 
served that gas was separated copfously from the skin of a pa¬ 
tient of his while bathing.lT < 

Besides water and carbonic acid, the skin* emits also an 
odorous substance. That every animal has a peculiar Ancll iS 

well known. The dog san discover his master, and even trace 

• 

• On Insensible Perspiration, p. 68. t Hiid. p. 82. 

I On Insensible Perspiration pp. 70 and 81. § Enc-yc. Meth. Med. i. 515. 

II Encyc. Mctb. Med. p. 511. ^ Ann. de Chim. xlv. 73. 
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him to a distance by the scent, A dog chained for some hours 
after his master had set put on a journey of son?,« hundred miles, 
followed his footsteps by the smell, and found him on the third 
day in the midst of a crowd.* Mr Cruikshanks, to discover the 
nature of this substance, wcffe for a month the same vest of fleecy 
hosiery during the hottest part of the summer. He found an 
oily-looking substance accumulated in considerable masses on 
the nap of the inner surface of the vest, in the form of black 
tears. When rubbed on paper it rendered it transparent, ^bd 
gave it a greasy stain. It bmmt with flame, leaving a charcoal 

behind, itif c ' 

Thenard repeated this experiment of Cruikshanks in I 8 O 64 
A flannel jacket, previously well washed in distilled water and 
dried, wi* worn for ten days next the skin below a linen shirt 
It was tlien washed in pure water, and the aqueous liquor was 
• distilled in a retort The liquid that came over had the smell of 
sweat, and contained a small quantity of acetic acid. The liquid 
remaining in the retort, when sufliciently concentrated, assumed 
the appearance of an acid syrup, which contained common salt; 
but no salt of lime. It was sparingly precipitated by infusion of 
nut-galls. Thenard concluded, from his experiments, that the 
matter of perspiration, besides water, common salt, and acetic 
acid, contains a little phosphate of soda, traces of phosphate of 
lime and of iron, and an animal substance precipitated by infu¬ 
sion of nut-galls; probably albumen. 

The most recent experiments on the matter of perspiration have 
lieen made by Anselmino.§ He plunged his arm into a glass 
jar, and luted the mouth of it to the arm below the shoulder. 
The matter perspired condensed on the inside of the glass as in 
Cruikshanks’s experiment, and in six hours he collected a table¬ 
spoonful of it He divided the liquor thus obtained into three 
portions, and subjected them to the following trials : 

1. One portion was mixed with a drop of sulphuric acid and 
then evaporated to dryness. This residue was mixed with a little 
caustic potash, and a glass rod dipped in muriatic acid was held 
bver it' Evident fumes of sal-ammoniac made their appearance; 
showing that ammonia existed as one of the constituents of mat¬ 
ter of perspiration. 

• Cruikshanks on Insensible Perspiration, p. 9B. f P- 92. 

^ Ann. de Chim. lix. 262. § Berzelius, Traitd de Chimie, vii. 928. 
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2. A second porfion was digested over oxide of lead, and the 
digestion continued in an open vessel tilUall the liquid had been 
driven off. The dry residue being moistened with sulphuric acid, 
fumes of acetic acid were given out recognizaJ)le by the smell. 

3. Lime-water was added drop by# drop to the third portion. 

It became muddy„and carbonate of lime was deposited, fronf 
the^ experiments Anselmino concluded that the matter of per¬ 
spiration contains acetate of ammdma and carbonic acid. 

Collard de Martigny assures us that the skin not only gives 
out carbonic dbid gas, but also hydrogen gas mid azotic gas,* 
though in very minut^ quantity.* But how far tlwse stMomente 
are correct we do not at present know. • • 

When the temperature of the body is increased eith^ by ex¬ 
posure to a hot atmosphere^ or by violent exercise, the fiaatter of 
perspiration not only increases in quantity, but even appears in 
a liquid form. This is known by the name of sweat. This sweat 
serves a very important purpose. No socgier is it thrown on the 
surface of the skin than it begins to evaporate, absorbs itbat, and 
thus the temperature of the body is prevented from rising This 
is the reason that animals can endiye a much higher tempera¬ 
ture without injury than could have been supposed. The expe¬ 
riments of Tillet, and the still more decisive experiments of For- 
dyce and his associates, are well known. These gentlemen re¬ 
mained for a considerable time in a room, the atmosphere of 
which was hotter than boiling water. 

Sweat is a transparent and colourless liquid, having a saline 
taste, and yielding, when evaporated, crystals of common sal^ 
According to Berzelius, it contains the same salts as those which 
exist in the acid liquor obtained from animal muscle by expres¬ 
sion ; namely, lactates of potash, soda, lime, and magneaa, to¬ 
gether with common salt, saKammoniac,*and traces of chloride 
of potassium. It contains also traces of phosphate of soda and 
phosphate of lime. It contains also a small quantity of animal 
matter insoluble in alcohol. * 

Anselmino examined a quantify of sweat collected by ^ongeg 
from the body of a man made to sweat abundantly in a hot stove* 
The liquid thus obtainefl was muddy, probably from small por¬ 
tions of the epidermis detached by the friction. It had a pecu¬ 
liar smell, varying in intensity in different individuals. A por- 

Berzelius, Trait4 de Chimie, vii. 325. 
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tion of it was filtered and distilled over tbe”steam*bath. Tbe 
liquid that passed into the receiver contained aoetate of ammonia* 
When the liquor of sweat was evaporated to dryness it left 
from a half to one and a-quarter per cent of dry residue. This 
residue being treated with jplcohol of 0*833, a portion remained 
tindissolvcd. When the alcoholic solution was evaporated to dry¬ 
ness there remained an extractive matter mixed with a great 
number of saline crystals. ‘Trom this matter absolute alcohol 

•f 

separated an acid extractive substance, containing, according to 
^nsclmino, acetic acid, acetate of potash, and an*animal matter 
prccipitM ole b;, infusion of nut-galls. The portion of matter in¬ 
soluble in absolute alcohol consisted of common salt with a little 
chloride .of potassium, and an animal substance not precipitable 
by chlorine, chloride of tin, nor corrosive sublimate. 

The ‘portion of dried sweat left by alcohol is almost all solu¬ 
ble in warm water, a little deep-gray powder only remaining. 
It seems to be a mixture of epidermis and phosphate of lime. 
When burnt it leaves a bulky ash, consisting of [)hosphate of 
lime, mixed with a small quantity of carbonate of lime. The 
portion'‘dissolved in the warm water contains sulphates, and an 
animal matter precipitated by chloride of tin, and by infusion of 
nut-galls. Chlorine occasions no immediate precipibite; but in 
twenty-four hours white flocks separate from the liquid. 

According to the analysis of Anselmino 100 j)arts of the dry 
residue from sweat are composed as follows :— 

Matters insoluble in water and alcohol, 

(mostly salts of lime,) 

Animal matter soluble in water, and not 
in alcohol, with sulphates. 

Matters* soluble in weak alcohol, com¬ 
mon salt, and ^imal extract, 

Matters soluble in absolute alcohol, ani- I 
mal extract, lactic acid and lactates, J 



100 

‘Anselmino found, likewise, that 100 parts of the dry residue of 
sweat when burnt leave 22*9 of asheft^ containing carbonate, 
sulphate, and phosphate of soda; a little of the same acids com¬ 
bined with jiotash and common salt, all soluble in water. Be- 
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sides phospliatc anJ caj-bonate of lime, and a trace of peroxide of 
iron, which are ioBoluble in water. * » 

Anselmino found that the sweat, during a fit of the gout, con¬ 
tained more ammonia and saline matter than .when* in a state of 
health. lie found, also, that a critioal sweat, during a rheuma¬ 
tic fever, contained a good deal of albumen. • ^ • 

iif any conclusion can be deduced from the smell, sweat in 
different parts of die body is nof identical. That of the feet 
has quite a different smell from that of the arm-pits; while that 
of the groin in*fat persons has often the smell of hutyric acid. • 
Little is known resp<5cting the perspiratiop anA swe^* of th» 
inferior animals. It is well known that the'genera of quadrupeds 
belonging to the dog and tllfe cat tribe do not perspire atj^l. In 
ruminating animals and pachydermata, on the contrary, perspira¬ 
tion is abundant Anselmino has (Scamincd the crusts cff dried 
sweat, which may be separated from the skin of a horse by the 
brush. Being digested in hot water a p^lverulent matter re¬ 
mained undissolved. The solution was evaporated to ‘dryness, 
and the residue digested in alcohol of 0*833. The solution ob¬ 
tained gave, when evaporated, a brown extract filled witfi saline 
crystals. Absolute alcohol dissolved from it an acid extractive 
matter holding in solution a combustible salt of potash. Hence 
it seems to be of the same nature with the matter obtained from 
human sweat by a similar process. The absolute alcohol left 
common salt mixed with an extractive matter, havinsr a stronir 
odour of a horse. 

The portion of the residue left undissolve(f by the alcohol o^ 
0*833 dissolved in water, to which it communicated a brown co¬ 
lour. Besides common salt and sulphate of soda, it contained 
an animal matter, precipitated by infusion of nut-galls, and by 
chlorine; by the last only, after an interval of several days. It 
was neither precipitated by nitric acid, ammonia, nor coraosive 
sublimate. « 

The portion of residue of sweat insoluble in alcohol and* 
water, Anselmino considered as coagulated all)umen. Four- 
croy had announced the presence of urea in the sweat of the* 
horse, but Anselmino (xfUld discover no trace of it. The ashes 
from the dried sweat of the horse consist of sulphates of potash 
and soda, common salt, and chloride of potassium; it contains 


• Berzelius, Traits do Cblmie, vii. 326. 
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neither carbonate nor phosphate of an alkali;'but a considerable 
quantity of phosphates pf lime and magnesia, i^th traces of per> 
oxide of iron. 

Henri and Chevalier extracted by alcohol and water the mat¬ 
ter of respiration from the hair of cows.* They obtained, 
a 1. A fatty matter. 

2. A brownish-black matter. 

3. A bitter substance soluble in water. 

4. ’A yellow colouring matter, soluble in alcohol and water. 

5. Carbonate and hippuratc of soda. ° 

. Dr Donne assures us that, in a state«of health, the skin and 
the matter of^perspiration is always acid.f Berthollet had ob¬ 
served this many years ago, and concluded that the acid present 
was the 4 >hosphoric. X 

Tbenard obtained acetic acid, and Berzelius has rendered it 
probable that the true acid of sweat is the lactic. Though dogs 
and cats do not sweat, yet their skin, according to Donne, is al¬ 
ways acid, while that of rabbits and horses is alkaline. Donne 
has observed that the matter of perspiration frequently becomes 
alkalinie during disease, especially during those of the chronic 
kind.§ 


CHAPTER XX. 

OF THE LIQUOR OF THE AMNIOS. 

The foetus in the uterus is enveloped in a peculiar membrane 
or covering, to which anatomists have given the name oi amnios, 
W^ithin this kmnios there is a liquid, distinguished by the name 
of liquor of the amnios; which surrounds the foetus. This liquid 
in women is a fluid of a slightly .milky colomr, a faint but not 
disagreeable smell, and a saltish taste. The white colour is owing 
to a curdy matter suspended in it, for it may be rendered tran¬ 
sparent by filtration. 

* ^ts specific gravity, as determined by Vauquelin and Buniva, 
is l*005.|i These chemists analyzed it in 1800. It was again 

• Jour, de Pbarai. xzv. 422. f Ann. de Ghim. «t de Phys. Ivii. 401. 

I Jour. d« Pfays. xxviii. 275. § Ann. de Chim. et de Phys. Ivii. 401. 

II Ann. de Cldm. zxxiii. 270. 
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analyzed by Dr Bbstpck about the year 1812,* and by Fromherz 
and Gugerir in 1627. f ^ 

Fromherz and Gugert describe it as yellow, muddy, and hav¬ 
ing a slight taste and smell. When perfectjy fresh, it reddens 
turmeric paper, but the red stain disappears as the paper dries, 
showing that thc/ree alkali present is ammonia. .When evapo» 
rafed to dryness, it left, according to Vauquelin and Buniva, 1 *2 
per cent, according to Dr BoStdck, 1*66, and according to 
Fromherz and Gugert, 3 per cent of residqe. 

It is coagul&ted when raised to the boiling poiitf, or when mix# 
ed with alcohol. Nj^c and muriatic acidsJthro\ dowQ from jit 
a copious precipitate, but acetic acid only occasions a slight pre¬ 
cipitate, which Fromherz ahd Gugert consider as casei^. Caus¬ 
tic potash throws down gr^ish white flocks. Corrosive^ublimate 
gives a copious precipitate, which becomes red after an •interval 
of some minutes. With infusion of nut-galls it is precipitated 
abundantly of a light-yellow colour. "VY^hen the liquor of the 
amnios is distilled in glass-vessels, till one-fourth of it has passed 
over into the receiver, we obtain a great deal of carjponate of am¬ 
monia and a certain quantity of sulphuret of ammoniudt When 
the distillation is continued, more carbonate of ammonia passes 
into the receiver, but no more sulphuret of ammonium. 

When filtrated liqiwr amnii is treated with caustic potash, 
phosphate of lime, and lime precipitate, both in combination with 
an animal matter, by means of which they had been kept in solu¬ 
tion. The potash unites with a portion of this matter, which 
causes these earthy salts to precipitate. * 

When the liquor of the amnios is evaporated to drynqss and the 
residue treated with alcohol, a yellow extractive substance is dis¬ 
solved, to \A hich Fromherz and Gugert have given <he name of os- 
mazome. The insoluble portion consists cfilafly of albumen; but con- * 
tains also coLsein and salivin^ But of the presence of tljjis last 
substance they have given no evidence. By (renting another 
portion of the liquor amnii in another manner, they obtained berfi- 
zoic acid and urea. But the evidence* of the presence of these 
two substances is very incomplete. Whatthey considered as nitrate 
of urea was not subjected to any examination. They found also 
in the liquor amnii much common salt; ]^osphate, sulphate, and 

* Sebweigger's Jour, xidii. 407. 


f Ibid. 1. 191. 
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carbonate of soda; sulphate of lime, and trabes of salts of po> 
tash. 

According to Vauquelin and Buniva, the liquor amnii of a 
woman was composed of, 

• Water, « . 98*8 

‘ • Albumen, . ^ 

Common salt, soda, . f 1 ^ 

Phosphate of fiftie, lime, ) 


100 - 


According to ^)r Bqstock, the constituen'iJs are. 


Watery 

97*34 

Albumen, . 

0*16 

Uncoagulable matter. 

1*10 

Salt, * . 

1*40 


100*00 


Four Specimens of liquor amnii examined by Dr Rees, ex¬ 
tracted from four individuals in the 71 mouth of gestation, con¬ 
tained tlie same constituents., Specific gravity from 1 *0086 to 
1*007. They all contained urea i»s a constituent The caseous 
matter floating in the liquid contained cholestcrin. The salts Jire 
the same as those of blood. The following table shows the con¬ 
stituents of one specimen: 

Specific gravity 1*008, strongly alkaline. 

Water, . • 984*98 

Albumen with trace of fatty matter, 

r Salts, 2*80, 

Extract soluble in water, < Organic matter chief- > 

(. ly albumen, 3*22, j 

■pv 111* i. C ®hlts, 2*80, ^ • 

Do. soluble in water I. 

< Urganic matter chiefly lac- 

L tic acid, urea, 4*4, 


and'“alcohol, 


— ^ ^ 


1*80 

6*02 

7*20 


100 * 00 * 

Frqmherz and Gngert did not attempt a quantitative analysis of 
liquor amnii, but merely to determine the different constituents 
which it contained. 

* Phil. Mag. (3d series,) xiii. dC5. 
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While the foetus in the uterus, a curdy-like matter is de- 
posited on the surface of the skin and oi> particular parts of the 
body. 

This matter is often found collected in con^eraDle quantities. 

It is evidently deposited from the liquor of the amnios^ and of 
course must exist* in that liquor. It was subjected to a cl)jemi** 
cal examination by Yauquelin and Buniva, and also by From- 
hcrz and Gugert. " 

Its colour is white and brilliant, it has a soft feel, and very 
much resembles new-made soap. It is insoluble water, alco-* 
hoi, and oils. Pure alkalies dissolve it partially* And dlftwert it 
into a kind of soap. On burning coals it decrepitates, becomes 
dry and black, gives out oify vapours, and leaves a residue very 
difficult to incinerate. Frpm these properties Yauquelin and 
Buniva were led to consider it as a Kind of Jat, 

Fromherz and (xugert digested it repeatedly in ether, and left 
the ether to spontaneous evaporation. •Brilliant white plates 
were deposited, which had neither taste nor smell. Tifey were 
insoluble in water, but dissolved in boiling alcohol,*and^the so¬ 
lution was neutral. They did not melt, though heated to 212®, 
and when decomposed no carbonate of ammonia was given off. 
When boiled with potash ley this substance could not be convert¬ 
ed into soap. Fromherz and Gugert consider it as cholesterin. 

The residue left by the ether was treated with cold water, and 
as that substance did not seem to act, the water was raised to the 
boiling temperature. The solution was yellowish and quite trans¬ 
parent. Being evaporated to dryness the res*!due was insoluble 
in alcohol. It had an alkaline reaction and possessed the cha¬ 
racters of salivin. When incinerated it left a little carbonate of 
soda. 

When the curdy matter is digested directly in water, without 
being previously treated with«ether, salivin and carbonate of so¬ 
da are dissolved; but no albumen. • 

After the curdy matter has been treated with ether and boil-* 
ing water, a white flocky matter remains, which possesses the 
following characters : When heated it gave out much carbonate 
of ammonia. It was insoluble in alcohol, *ether, and cold water. 
When boiled about an hour in water a small portion of it was 
dissolved. The solution was precipitated by infusion of mit-galls, 
nitrate of silver, and protonitrate of mercury. Caustic alkali, 
while cold, scarcely cUssolves it; but when it is boiled in dilute 
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alkaline ley it is partially dissolved, and the solution is precipi¬ 
tated by muriatic acid white. Sulphuric acid luixed with twice 
its weight of water gives this substance a dark-red colour, but 
does not dissolve it From these characters Fromherz and Gu- 
gert conclude that the insoluble portion of the caseous matter 
*from liquor amnii is attmmen. 

Thus it appears that the constituents of the caseous matter are, 
Cholesterin. ' Carbonate of soda. 

Salivin. Phosphate of lime. 

Coa/'ulated albumen. 

« n., TS^ie liquor amnii of the cow was®also examined by Vau- 
quelin and Buniva. But there is reason, from the subsequent 
experiments of Lassaigne, to conclude that these chemists con¬ 
founded together in their exjjeriments the liquor of the amnios 
and of the allantois. We Iiavc, however, an examination of the 
true liquor amnii of the cow by Lassaigne in 1821,* and by 
Proutf in 1815. 

The liquor amnii examined by Dr Prout had been taken from 
the uterus of a cow slaughtered in an early period of her gesta¬ 
tion. it had a yellowish colour, with the appearance of very mi¬ 
nute shining particles floating in it. Smell fragrant, something 
like that of new milk or butter. Taste bland and sweetish like 
fresh whey. Foamed a good deal when shaken. Did not af¬ 
fect litmus or turmeric paper. Specific gravity 1*013. It con¬ 
tained a very sensible quantity of the sugar of milk, which sei)a- 
rated in crystals from it when it had been concentrated by eva¬ 
poration. It coagulated partially by heat; some flakes fell, and 
the liquid was left nearly transparent and colourless. Acetic 
acid produced no coagulation, and prevented it from coagulating 
by heat. Hence it contained albumen. Chloride of barium 
produced a copious «Vhite precipitate. Dr Prout analyzed it 
and obtained. 


Water, 

977*0 

Albumen, 

2*6 

Substances soluUe in alcohol. 

16*6 

Substances soluble in water, chiefly 


sulphate of soda ? and other salts* 

1 3*8 

Also sugar of milk. 

i 

1000*0 


Ann. de C^im* et de Phys. xvii. 800. f Annals of Philosophy, v. 416. 
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The principles soluble in alcohol were of a brown colour; and 
seemed to c6nsiSI?in part of the lactates^ but chiefly of a pecu¬ 
liar substance, having considerable resemblance in its properties 
to the external brown parts of roasted veal. • 

The liquojf amnii of the cow examined by Lassaignc*difiered 
soipcwhat in its properties from the preceding, o\/ing probably 
to the different periods of gestation af which it was procured. 
It had a yellowish colour, was viscid and sensibly alkalipp. The 
constituents extracted from it by Lassaigne*(not reckoning the 


water) were the following: 

Albumen. • * 

Mucus. 

Yellow matter of*bile. 

Coinmq;ti salt. • 

III. Lassaigne likewise analyzed*the liqmr amnii of a mare, 
and obtained from it the following substances :* 


Chlorid»of pdtassiiftir. 
CarboiJhte of'teoda. 
Phosphate of lime. • 


Mucus. 

Albumen, (little.) 
Osmazome. 
Yellow matter. 


Commoir salt. 
Chloride of potassium. 
Carbonate of soda. 
Phosphate of lime. 


• • 


CHAPTER XXL 

OF THE LIQUOR OF THE ALLANTOIS. 

• 

The foetus in the uterus is enveloped in several spccessivc* 
membranes. The outermost is called the chorion. Below this, 
especially in quadrupeds, is a second membrane called the al¬ 
lantois ; while the third or innermost ifn^nbrane is called the 
amnios. Both the allantois apd the amnios contain a quq^itity 
of liquid. The characters and constituents of the liquor amnii 
have been given in the last chapter. At present we shall treat • 
of the liquor of the allantois. , • 

The only chemist, so far as I know, who has turned his’atten-* 
tion to this subject, is Lassaigne. In 1821,'he published an ana¬ 
lysis of the liquor of the allantois of the •cow and the mare.t 
Vauquelin and Buniva may have examined the liquor of the al-? 

t Ibid. xvii. 296, 303, 


* Ann. de Chim. et de Pbys. xvii. p. 303. 
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lantois of the cow ; but it is more probable that in their analysis 
the two liquors had been mixed together. 

The liquor of the allantois of the cow is transparent, has a 
fawn-yellow fcolour, and a taste slightly bitter and saline. It 
reddened litmu»>paper, and had a specific gravity of 1*0072. 
‘Wh^n evaporated in a porcelain basin, a brownish pellicle form¬ 
ed on its surface, and precipitated in docks. This substance 
possessed the following properties: 

It was insoluble ?n water, alcohol, and diluted acids. It dis- 
' solved readily^n alkalies. When ignited it blackened, swelled 
up, ard-tmitted thp odour of buniing h5rn. When incinerated 
it left a grayish ash composed of phosphates of lime and magne¬ 
sia. These cliaracters show that thd coagulated matter was al¬ 
bumen. ‘ 

Whbn the liquid was evaporated to the tenth part of its ori¬ 
ginal volume, and left in a cool place for twelve hours, it did 
not deposit crystals. Being now treated with boiling alcohol, it 
was scjjhratcd into two portions: the one brown and viscid did 
not dissolve.; while the other, which was brownish-yellow, dis¬ 
solved‘m the alcohol. 

When the alcoholic solution was evaporated it left a yellowish- 
brown acid matter, having the smell and taste of beef-tea. 
Being left at rest for twenty-four hours confused crystals were 
deposited, which were white, and had a pearly lustre, and wliich 
were easily freed from the colouring mattjer by washing them in 
cold water. These crystals constituted the substance called um- 
^ niotic acid by Vanquelin and Buniva. The name was changed 
to allantoic acid by Lassaigne, and to allantoin by Wohler and 
Liebig, because they did not find it to possess acid characters.* 
The alcoholic extract from which the allantoin had been sepa¬ 
rated still reddened litmus-paper.«' It had a deep-brown colour, 
and,a smell and taste similar to that of the juice of roasted meat 
Tjassaigne considered it os a mixture of osmazome and lactic acid. 

' When calcined in a crucible it left a grayish-white ash, partly 
soluble in water. The liquid being evaporated gave crystals 
of jcommon salt mixed with a little carbonate of soda. The por¬ 
tion of the ashes insoluble in water was phosphate of lime. Be- 
ndes these constituents the portion dissolved in alcohol contained 
some Sjal-ammoniac. 

* The properties of this substance have been described in the Chemistry of 
Vegetoble Bo^es, p. 212. 
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The portion of the, extract insoluble in alcohol was dissolved 
in water, arid thtf solution left in repose-in a cold place; but no 
crystal^ were deposited even after an interval of several days. 
It was not precipitated by muriatic acid ; nitrate o^bary tes threw 
down a copious white powder insoluble in uitric acid; lime-wa¬ 
ter^ occasioned a «vhite flocfculent precipitate, while infusion of 
nut-galls and acetate of lead threw down copious coloured pre¬ 
cipitates. T^hen incinerated, it left a good deal of sulphate of 
soda and phosphate of soda, with some phosphates of ume and 
magnesia. The following were the substances ^xtracted fronf 
the liquor of the allasit!bis of a calf by Lassaigne • • 


Albumen. 

Sal-amnmiiiac.* 

Osmaxome. * 

Common salt • 

Mucus. ^ , 

Much sulphate of sdda. 

Allantoin. 

Phosphate of soda. * 

Lactic acid and lactate 

of Phosphates of lime and mag¬ 

soda. 

nesia. 


Lassaigne also examined the liquor of the allantois Of a mare, 
but could detect in it no allantoin. The following were the sub¬ 
stances w'hich he obtained from it: , 

Mucus. Common salt. 

Albumen. Chloride of potassium. 

Osmazonie. Much sulphate of potash. 

Liactic acid. Phosphates of lime and magnesia. 

M. Lassaigne had already, in 1819, examined the soft white 
viscid matter found in the liquor of the allantois of a calf, especi¬ 
ally towards the period of gestation, and kfiown to veterinary 
surgeons by the name of hippumanos* 

Cold water extracted from it only a little albumen and com¬ 
mon salt. Alcohol and ether were incapable of dissolving any 
part of it. When heated ini^austic pota^i, it dissolved, with the * 
exception of a white crystalline powder, which constitu^d 27 
per cent of the original matter. The matter dissolved by the 
potash being thrown down hy an acid possessed the characters of 
mucus. The white powder was oxalate* of lime*. 


* Ann. Chim. et de Phys. k. 200. 
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CHAPTER XXIL •• * 

• , OF PUS. 

• t 

• The liquid called pus is secreted*from tlie.surfacc of an in¬ 
flamed piirt, and usiiall}^ moderates and terminates the inflam¬ 
mation. It assumes different'appearances according to the state 
of the. sore. When it indicates a healing sore, it is called 
^healthy or good-conditimied pus. Unfortunately *this liquid has 
not hitherto been sjihjected to a rigid chtipical examination. 

The following aro the only two analyses of pus made by any 
modern phemist, and they are imperfect: I. That of pus from an 
empyema, by MM. Wilhelm and Martins in 1837. The patient 
was a miller in the hospital‘of Erlangen, who had pleuropneu¬ 
monia, with hepatization of the left lobe of the lungs. The pus 
was extracted by an operation, and amounted to 153 German 
pounds.* * 

It was destitute of smell, thick in its consistence, and had a 
dirty greenish-gray colour. Being examined by reagents, the 
following phenomena were observed: 

1. Litmus-paper was slightly reddened. 

2. When agitated with ether, the colour became darker, and 
the ether assumed a yellowish colour. 

3. When mixed with absolute alcohol, many fine white flocks 
separated, which could not be again taken up by agitation. The 
qlcoholic liquid grMually assumed a yellowish colour. 

4. When dropped into water, it sank to the bottom, and by 
agitation it constituted a muddy liquid. 

5. Being mixed with an excess of caustic ammonia, it was 
changed into a muddy'liquid, froiif which white flOcks were pre¬ 
cipitated. The supernatant hquid«.was greenish-yellow. 

6. An excess* of acetic acid gave a muddy liquid having a 
*peach-blos8om colour. 

7. Nitric acid added nn excess gave a muddy yellowish-green 
fiquid. 

8. When heated in'a platinum spoon^ it swelled very much. 
When evaporated to dryness, it left a black residue, and gave 
out a snv?ll like that of burning flesh. 


• Ann. dvr Pharm. xxiv. 79. 
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rus. • 

To determine composition, it was mixed with ether, agitat¬ 
ed and raised t(»4he filing temperature The ether was then 
allowed to cool and passed through a filter, which it did very 
slowly. The ctherial solution was yellowish, ^nd had a specific 
gravity of 1*11155 at the temperature of 50®, When examined 
by reagents, it exhibited the following properties: • ^ • 

1. Caustic ammonia threw down a few white flocks. 

2. Nitric acid; no apparent chknge. 

3. Chloride of platinum threw down yellQwish flocks.* , 

4. Acetate 5f silver, copious white flocks redialved by the» 

addition of ammonia.« • ,**••• 

5. Chloride of gold threw down a yellowish precipitate. 

6. Nitrated suboxide of* mercury threw down an j|bundant 

yellowish-white precipitate ^n flocks. •. 

7. Neutral persulphate of iron a veddish-yellow precipitate. 

8. Acetate of lead a copious precipitate in white flocks. 

9. Nitrate of barytes a white precipitate. 

10. Tincture of nut-galls a very copious reddish-yellow preci¬ 
pitate. , 

11. Isinglass produced no change., * 

After these trials, the etherial solution was evaporated to the 

consistence of an extract in a gentle heat It was yellowish- 
brown, and smelled like soup. It could not be made perfectly 
dry over the water-bath. A portion of it was burnt in a porce¬ 
lain crucible. It emitted the smell of burning horn. The 
charry residue was digested in dilute muriatic acid. It dissolv¬ 
ed with eflervesccnce, except a little charcoal. • The solution was 
not aftected by sulphuretted hydrogen. Chloride of ammonium 
and ammonia being added in excess, a copious white precipitate 
fell, which was clucfly phosphate of lime. Some lime was also 
present, which was thrown down by oxalatb of ammonia. It con¬ 
tained also a little magnesia. •They suspected likewise the«pre¬ 
sence of soda. This was not fully proved, but Ijie presence of 
potash was ascertained. When treated with caustic potash, am- * 
monia was given out Thus the bases found in the pus were 
lime, magnesia, potash, soda, and ammonia. But the ammonia* 
might have been formed Ijy the action of the potash on the or¬ 
ganic matter of pus. 

The acid which existed in the pus was a mixture of p]]iospho- 
ric and muriatic. It contained no sulphuric acid nor nitric acid. 
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To determine whether it contained lactic acid, so common in 
animal fluids, the dried ^extract was digested in clcohol of 0*870. 
The alcohol, after being separated by the filter, was strongly co¬ 
loured, and P3acted as an acid. It was mixed with sulphiuic 
acid diluted with alcohol, which caused a crystalline precipitate 
of sulphate of soda and pobish. The filtered bquid was digested 
with carbonate of lead, till it ceased to be precipitated by chlo¬ 
ride of barium. It was now' distilled, after separating the lead 
by sulphuretted hydrogen. What came over contained no acid, 
showing the alsence of acetic acid from the pua What remain¬ 
ed in the reto/t had the consistency of a syrup, was of a dark- 
brown colour, and strongly reddened litmus-paper. It was di¬ 
luted with water, and boiled with carbonate of zinc, as long as 
any carbonic acid was disengaged. The excess of oxide of zinc 
was then removed by the filter. The liquid, after being digested 
with, some animal charcoal, was evaporated, and left a crust of 
lactate of zinc, which is exceedingly soluble in water. The 
oxide of zinc was thrown down by carbonate of potash, the po¬ 
tash by tarhiric acid, and the excess of tartaric acid by carbonate 
of lead.*** The lead being removed by suljdiuretted hydrogen and 
the liquid evaporated, a colourless acid syrup was obtained, pos¬ 
sessing all the properties of lactic acid. 

The slimy matter not taken up by the alcohol contained fat, 
gelatin, and some albumen. 

A portion of pus was left in contact of ether for six months. 
It was converted into a clieesy magma, over which the yellow 
ether floated. Tiro ether contained in solution much yellow fat 
of the consistence of butter. 

The present opinion of physiologists is, that the globules con¬ 
stituting pus'are nothing else than the globules of blood modi¬ 
fied by the inflaramato^'y process. Many experiments have been 
made by M. Gendrin and Mr Gulliver to prove the truth of this 
opinion.* 

IL Dr Bccquerel made an imperfect analyris of pus from an 
abscess, the resrflt of wbich was as follows rf It was white, with 
a shade of yellowish-green, opaque, very thick and viscid, and 
having a }icculiar smell. With water it formed an emulsion, 
from which the pus |)recipitated very slowly to the bottom in 
white clots. The water is clear and limpid, but it had dissolved 

* Phil. Mag. (third series), xiii. 198. f Semeiotique des Urines, p. 108. 
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the salts of the pul, cpnasting of sulphates, phosphates, and chlo* 
rides, and also 9 notable quantity of albumen, coagulated by ni¬ 
tric acid or heat With ammonia pus forms a kind of soap. 
When agitated with ether and the mixture left at»rest, it was di¬ 
vided into two strata. The undermost was clear and transparent, 
and contained the salts and albumen of the pus; the uppermost, 
thick and thready, contained the solution of the fatty matters and 
the globules. When examined by the microscope it is found to 
contain a great number of globules, having a diameter .varying 
from Tj’poth lo th of an inch. When treatpd by acetic acid 
and examined by thg fhicroscope, it was foupd that the*eiitermost 
coat of the globules had been dissolved,* leaving the internal 
nucleus, which often sub(£vided itself into several siqaller glo¬ 
bules. It dissolved coiqpletcly, though slowly, in'.ammonia. 
Becquerel gives the following characters to enable us to dis¬ 
tinguish mucus from pus. 

Mucus, 

1. Viscid, 

2. Trans|)arent or opaline. 

.3. Neutral. 

4. Very little fatty matter. 

5. Very little altered by am¬ 
monia. 

6. Charred in a spirit-lamp, giv¬ 
ing out occasionally a slight 
flame. 

7. Before the microscope, com¬ 
posed of thin plates, with oc¬ 
casional globules. 

---- 

CHAPTER XXIII, 

OF ANIMAL POISONS. 

Several animals are furnished with liquid juices of a poison¬ 
ous nature, which, wlfen poured into fresh wounds, occasion the 
disease or death of the wounded animat Serpents, bees, scor¬ 
pions, spiders, are well known examples of such an iiqala. Xhe 
chemical properties of these poisonous juices deserve peculiar at- 


• Pus. 

1. Viscid and thickr. 

2. Opaque, yellowish-white. 

,3. Alkaline. 

4. IVIuch fatty matter. 

5. Made gelatinous by am¬ 
monia, and Anally ^ssolved. 

6. Bums in a spirit-lamp with 
a lively flame, 

7. Do. Globules of a dian^e- 

ter Arom to ^'s'^g^th 

of an inch in diameter. 
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tention; because it is only from such an investigation that we 
can hope to explain the &tal changes which thc^' induce on the 
animal economy, or to discover an antidote sufficiently powerful 
^ to counteract their baneful influence. Unfortunately the task is 
difficult, and perhaps surpasses our chemical powers. For the 
progress already made in the investigation, we are indebted 
chiefly to the labours of Fontana. 

1. The poison of the viper is a yellow liquid, which lodges in 
two small vesicles in tiie animal’s mouth. These communicate 
b} a tube with the crooked fangs, which are hollow and termi¬ 
nate in a ismallfcavity. When the animal bites, the vesicles are 
squeezed, and the poison forced through the fangs into the wound. 
This structure was partly observed by Redi, an Italian philoso¬ 
pher ; and*his discoveries were completed and confirmed by the 
experiments and observations of Francini,^ Tysson,t ]Mcad,J and 
Fontana. 

This poisonous juice occasions the fatal effects of the viper’s 
bite. If the vesicles be extracted, or the liquid prevented. from 
flowing into the wound, the bite is harmless. If it be infused into 
wounds made by sharp instn^ments, it proves as fatal as when 
introduced by the viper itsclfi Some of the properties of this 
liquid were pointed out by Mead ; but it was Fontana who first 
subjected it to a chemical examination, sacrificing many hundred 
vipers to his experiments. The quantity contained in a single 
vesicle scarcely exceeds a drop. 

It has a yellow colour, has no taste; but when applied to the 
tongue occasions numbness. It has the appearance of oil be¬ 
fore the microscope, but it unites readily with water. It pro- 
duce%no change on vegetable blues. 

When exposed to the open air, the watery part gradually eva¬ 
porates, and a yellowish'brown substance remains, which has the 
appearapee of gum-arabic. In this rtate it feels viscid like gum 
between the teethe it dissolves readily in water, but not in alco- 
hdi; and alcohol throws it down in a white powder from water. 
Neither acids nor alkalies have mucli effect upon it It does not 
unite with volatile oils nor sulphuret of potash. When heated 
it does melt, but swells, and docs not inflame till it has become 
black. These properties' are similar to the properties of gum, 

* New AbHdg. of the Phil. Trans, ii. 8. 

I Mead on Poisons, p. 35. 


t Phil. Trans. Vol. xii. 
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and indicate the %upimy nature of this poisonous substance. 
Fontana made a«et of experiments on the dry poison of the vi¬ 
per, and a similar set on gum arabic, and obtained the same re¬ 
sults. • * 

From the observations of Dr Russel, there is reason tt) believe 
that the poisonous juices of*the other serpents are similar ii^theif 
properties to those of the viper. • 

This striking resemblance between gums and tlie poison of the 
viper, two substances of so opposite a naturo in their effects upon 
the living body, is a humiliating proof of the smSll progress w(? 
have made in the clujiflical knowledge of entriCAte sub¬ 

stances. The poison of the viper, and of serjients in general, is 
most hurtful when mixed with the blood. Taken int(4 the sto¬ 
mach it kills if tlie quanti^ be considerable. Fontana has as¬ 
certained that its fatal effects are f)roportional to its quantity, 
conq)arc(J with the quantity of the blood. Hence the danger di¬ 
minishes as the size of the animal increases. Small birds and 
Quadrupeds die immediately when they are bitten by*A viper; 
but to a full-sized man the bite seldom proves fataU 

Ammonia has been proposed as antidote to the bite of the 
viper. It was introduced in consequence of the theory of Dr 
Mead, that the poison was of an acid nature. The numerous 
trials of that medicine by Fontana robbed it of all its celebrity ; 
but it has been lately revived and recommended by Dr Ramsay 
as a certain cure for the bite of the rattlesnake.* 

2. The common toad {B,ana hnfd) has been considered as poi¬ 
sonous by the common people in all ages. But the opinion wa^ 
rejected by naturalists as a vulgar prejudice till the subject was 
investigated by Dr Davy.f 

This poisonous liquid is seated chiefly in the integuments, in 
follicles, in the cutis vera bcifeath the culicle, and the coloured 
rete mucosum. These follicWs arq largest and most numerous 
near the shoulders and about the neck of the animal; yet they 
are pretty generally distributed, and even on the extremities.* 
Pressure being applied to the skin a yellowish thick fluid exudes^ 

• Phil. Mag. xvii. 125. The reader will find an interesting dissertation on 
the different remedies applied to the cure of the rattlesnake in the Amer. Trans. 
Vol. iii. p. 100, by Dr Smith Barton. The observations of Fontana in his trea¬ 
tise on poisons deserve particular attention. • 

t Phil. Trans. 1826, p. 227. 



54>0 


LIQUID FARTS OF ANIMALS. 


and occasionally spurts to a considerable distance. Dr Davy 
found it possessed of the following properties: * *■ 

The greater part of it is soluble in alcohol and water. The 
aqueous solution is dightly viscid, and does not pass easily through 
a commdn filter. It is not precipitated by acetate of lead, and 
duly yery slightly by corrosive subliinatc. When the aqueous 
or alcoholic solution is evaporated to dryness it leaves a yellow 
transparent substance, having a slight but peculiar smell, and a 
slightly bitter and very acrid taste, acting on the tongue like the 
extract of aconjle prepared in vacuo. It even occasions a smart 
sensation ‘when applied to the skin of the hand, and its effect 
lasts two or three hours. When heated it readily melts, burns 
with a bright flame, and docs not emit an ammoniacal smell. It 
neither reacts as an acid nor an alkali. Caustic animonia dissolves 
it.. Thh solution remains acrid. Nitric acid also dissolves it, 
and the solution has a purple colour. When neutralized by an 
alkali the solution is but slightly acrid, and seems to have un¬ 
dergone partial decomposition. < 

Dr Davy conceives that the small portion of the poison of the 
toad which is insoluble in water and alcohol, is a variety of albu¬ 
men. But he does not state the reasons on which this opinion is 
founded. 

Notwithstanding the acridity of this substance, it would ajipear 
from Dr Davy’s experiments that it is not injurious when intro¬ 
duced into the blood. A chicken punctured with a lancet dipt 
in it received no injury. Dr Davy says that he detected a not¬ 
able quantity of It hi the bile of the toad, in the viscid liquid lu¬ 
bricating the tongue, and in the blood and urine of the animal. 
But he does not mention the characters by which its presence in 
these liquids was recognized. 

Dr Davy conceives ‘■that this liqftor, ^the venomous nature of 
which does not seem well estjiblisked by his experiments,) may 
serve to protect the animal from the attacks of carnivorous ani- 
*mals. He thinks also that its secretion may contribute to the 
discharge of carbon from the blood; and conceives that this 
opinion is’ strengthened by a peculiarity in the distribution of the 
pulmonary artery, which he describes. ‘ 

The poisonous liquid of the toad had been subjected to expe¬ 
riment by M. Pelletier in 1817.* His results agree, on the 


* Jour, de Pbarmacie, iii. 597 . 
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whole, with those of Dr Davy, though in some circumstances 
they differ.* found that when exposed to the air it soon be¬ 
came ^lid, and that if it had been put into a watch-glass it might 
in a few minutes be taken off under the form hf transparent , 
scales. It^was exceedingly acrid,*both when liquid And solid, 
and reacted strongly as an acid. With water it formed an,emul- 
sion. Cold alcohol had little action on it; but it dissolved a 
portion when assisted by heat, an^ assumed a fawn-colour. The 
portion undissolved was white and destitute of taste and smell. 

It resembled, "according to Pelletier, the gelatinbus membrane^ 
The alcoholic solu|;i8n scarcely reddened litmus*pap€]^ and lost 
that property entirely when evaporated. • As the alcohol was 
driven off an oily matter ^parated, which became solid on cool¬ 
ing. This mattpr was insoluble in water, little solublb in ether; 
but very soluble in alcohol. Its taktc was very bitter; but it was 
neither acrid nor caustic. It reacted slightly as an alkali. The 
acid of the poison of the toad appears JTrom Pelletier’s experi¬ 
ments to be very volatile and only partially combined ^fth a base- 
Hence probably the reason why it was not detected by Dr Davy 
The gelatinous matter of the poison was insoluble in cold wa¬ 
ter ; but soluble in hot water, to which it communicated a gela¬ 
tinous consistence. But, as it was neither precipitated by chlo¬ 
rine nor by infusion of nut-galls, it is obvious that it was a differ¬ 
ent substance from either collin or chondriiu 

3. The venom of the bee and the wasp is a liquid contained in 
a small vesicle forced through the hollow tube of the sting into 
the wound inflicted by that instrument* I^om the experiments 
of Fontana we learn that it bears a striking resemblance to the 
poison of the viper. That of the bee is much longer in drying 
when exposed to the air than the venom of the wasp. 

4. The poison of the scorpion resemt)res that of the viper also? 

But its taste is hot and acrid, which is the case also wit^the ve¬ 
nom of the bee and the wasp. , 

5. No experiments upon which we can rely have been maffe 
upon the poison of the spider tribe. • From "the rapidity Muth 
which these animals destroy their prey, and even one another, 
we cannot doubt that their poison is sufficiently virulentf 

* See a curious account of the structure of the sting by Dr Hooke in his Mi- 
crographia. • 

f Dr Mead’s romantic account of the bite of the tarantula will entertain the 
reader. See Mead on Poisons, p. 57. 
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CHAPTER XXIV. 

' OF FECES. 

* The excrementitious matter of animals, evacuated />cr anum^ 
consists of all that part of the food which cannot be employed for 
the purposes of nutrition, considerably altered, at least in part, 
and mixed or united*with various bodies employed during diges- 
li'on to separate‘the useless parts of the food from the nutritious. 
An acoif/ate eKamination of these matter^ lias long been wished 
for by physiologists, *as likely to throw much new light on the 
process of. digestion. For if we knew accurately the substances 
which wefe taken into the body as foo^l, and all^ the new substan¬ 
ces whidi were formed by digestion ; that is to say, the compo¬ 
nent parts of chyle and of excrement, and the variation which 
different kinds of food produce in the excrement, it would lie a 
very considerable step towards ascertaining precisely the changes 
produced on .food by digestion. 

Some of the older chemists had turned their attention to the 
excrements of animals ;* but no discovery of importance reward¬ 
ed them for their disagreeable labour. Vauquelin has ascertain¬ 
ed some curious facts respecting the excrementitious matter of 
fowls. In the summer of 1806, a laborious set of experiments 
on human feces was published by Berzelius, undertaken, as he 
informs us, chiefly with a view to elucidate the function of diges- 
tipn.f About two ]fears before, Thacr and Einhof had publish¬ 
ed a similar set of experiments on the excrements of cattle; made 
chiefly to discover, if possible, how they act so powerfully as ma- 
nure.$ I shall in this chapter give a view of the results obtained 
' by these diflerent chemAkts. •* 

I. The appearance of human feces requires no' particular de¬ 
tail. Their colour is supposed to depend upon the bile mixed 
With the food in the alimentary canal. When too light, it is 
supposed to denote a deficiency of bile; when too dark, there is 
supposed to be a redundancy of that secretion. The smell is 

fetid and peculiar, which after some time gradually changes in- 

« 

9 Van Helmout'a Gustos Eirans, Sect. vi. Opera Helmont, p. 14'^ Neu¬ 
mann’s Wtfk'ks, p. 585. 
i* Gehlen's Jour. vi. 509. 


\ Ibid. iii. 276. 
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to €a sourish odouf. ^The taste is sweetish bitter. Tlie colour of 
vegetable blue infusions is not altered by fresh feces, indicating 
the absence of any uncombined acid or alkali.* 

1. The consistency of human fcccs varies /sonsidcrably in dif¬ 
ferent circumstances; but at a medium, they may be «tated to 
lose threc-^urths of their \^eight wlien dried upon <i water-jbath4 

*2. They do not mix readily with water; but b)' sufficient agi- 
tiition and maceration, they ma^ lie difiused through it. The 
liquid, in this state, being strained through a linen cloth^ leaves 
a matter of aP grayish-brown colour, retaining aP peculiar odoui^ 
w'hich adheres long jiifd obstinately to all ^lose gubskiiipes th^t 
come in contact with this residue. When* dried, this substance 
exhibits the remains of vegetable matters used in food^ and per¬ 
haps also of some animal matters. Its quantity amounts to about 
seven per cent, of the feces4 • 

3. The strained liquid deposited, on standing, a yellowish- 
green slimy matter, wliich was separated by the filter. It amount¬ 
ed when dry to fourteen per cent of the feces employed. From 
the numerous experiments of Berzelius upon this yiatter, it ap¬ 
pears to be composed chiefly of three substmccs: 1* A fatty 
matter, separated by means of alcohol, which possesses many 
properties in common wdth picromel, and which Berzelius con¬ 
siders as that subsUmce a little altered. 2. A peculiar ycllow- 
colourcd substance, dissolved by water after the fatty matter is 
removed. Tl)is substance Berzelius compares to gelatin; but it 
appears to be rather more closely allied to mucus, or, at least, to 
contiiin mucus as a constituent. It dissolves^n water, but not in 
alcohol; tannin makes its solution muddy, but occasiqns no pre¬ 
cipitate ; acetate of lead occasions a copious white precipitate, 
but docs not deprive the solution of its yellow colour. It soon 
runs to putrefaction, exhaling the odour%)f putrid urine. 3. A* 
greenish-gray residue, insolq^lc both in water and alcohq|, and 
leaving, when incinerated, some silica and phosj^hatc of potash.§ 

4. The liquid wliich passed through the filter was at first light* 
yellow; but by exposure to the air it became bf own, which gra¬ 
dually deepened in colour, till the solution grew at last mudd^. 
When concentrated by evaporation, smflll transparent crystals 
made their appearance; which proved, *on examination, to be 
crystals of ammonia-phosphate of magnesia. The soljition, on 

* Gelilen’s Jour. vi. 512. f Ibid. vi. 535. \ Ibid. vi. 513. § Ibid. 526—534. 
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examination, was found to contidn the following substances: 1. 
Albumen, which was obtained by mixing the concentrated solu¬ 
tion with alcohol. The predpitate consisted of a mixture of al¬ 
bumen and phosphoric salts. The albumen obtained from 100 
parts of’feces amounted on^y to 0*9 parts. 2. Bile. By this 
Berzelius understood a mixture of biliary matter and soda. The 
presence of this substance was inferred from the nature of the 
precipitate obtained by acids^ 'and the salt of soda obtained by 
evaporating the residue. The quantity contained in 100 parts 
of feces was 0*9. 3. A peculiar substance, of a reddish-brown 

colour, L'olublc both in water and alcoho’f.' Acids give it an in¬ 
tense brown cclour. A small quantity of tannin throws it down 
of a re^ colour and in a pulverulent form; a large quantity 
throws it down in grayish-brown flakes. It is precipitated by mu¬ 
riate of" tin, nitrate of silver, and acetate of lead. When heated 
it melts and emits the smell of ammonia. It leaves behind it, 
when burnt, traces of soda and of phosphoric salts. Berzelius 
supposes that this substance is formed from the biliary matter, 
by some change which it undergoes after the feces are exposed 
to the air. The quantity of it obtained from 100 part of feces 
was 2*7 parts. 4. Various salts: these in all, from 100 parts of 
feces (including the ammonio-phosphate of magnesia), amounted 
to 1*2 parts. Their relative proportions were as follows: 
Carbonate of soda, . . 35 

Common salt, . . . 4 

Sulphate of soda, . . . 2 

Amnv?nia-phosphate of magnesia, 2 
- Phosphate of lime, . . 4 

Such ate the constituents of human feces, according to the ex¬ 
periments of Berzelius. The following table exhibits the result 
4 , of his analysis ;* 

Water, . . . .. 73*3 

Vegetable and animal remains, . . 7*0 

Bile, ' . . . . . 0*9 

^ Albumen, . . . .0*9 

Peculiar and extractive matter, . 2*7 

• Salts, . . . . 1 *2 

Slimy matter; conasting of biliary ^matter, pe-1 . 
cmiar animal matter, and insoluble residue ,) 


* Geblen’s Jour. vi. 536. 

4 


100*0 
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IL The excremftititiouB matter examined by Tliaer and Ein- 
hof was that •of aattle fed at the stalb chiefly on turnips. It had 
a yellowish-green colour, a smell somewhat similar to that of 
musk, and but little taste. Its specific gravity 1*045. It 
did not alter vegetable blues, and of (course contained nonincom- 
bined acid or alkali. • * ' • * 

l! Sulphuric acid, when mixed with tliis matter, developes the 
odour of acetic acid; but Thaer add Einhof have shown that this 
acid does not exist in the feces, but is formed by theactior^of the 
sulphuric acid.* The pure alkalies, nitric and fnuriatic acids,* 
produce little change pff the feces of cattle, a^ least when* not as* 
sisted by heat. • • 

2. When 100 parts are dKed on a steam-bath, they Igave 28^ 

of solid matter. •. 

• ft 

3. When eight ounces, or 3840 grains, were diffused through 
water, they let fall a quantity of sand, weighing 45 grains. 

4. The watery solution, being strained j;lu*ough a linen cloth, 

left 600 grains of a yellowish fibrous matter, which possessed the 
properties of the fibrous matter of plants.* • 

5. The liquid, on stantfing, deposited a slimy substance, which 
wfis separated by filtration. It weighed when dry 480 grmns. 

To this matter the feces owe their peculiar colour and smell. It 
was insoluble in water and alcohol. When heated it smelled 
like ox bile. It burnt like vegetable matter. Alkalies scarcely 
affected it. Sulphuric acid developed the odour of acetic acid. 
Chlorine rendered it yellow, Thaer and Einhof considered this 
substance as the remains of the vegetable nihtter employed a^ 
food by the cattle; but it is extremely probable that .it might 
contain also a portion of picromel, as Berzelius detected that sub¬ 
stance in similar matter from tlie human feces. 

6. The filtered solution passed througliVolourles^ but on ex- * 

posurc to the air became in a iew iqinutes wine-yellow and»then 
brown. When evaporated to dryness it left a bi^wnish matter, 
of a bitterish histe, and weighing 90 grains. It was soluble in * 
water, insoluble in alcohol, and precipitated from water by that 
liquid. It was not precipitated by infusion of galls. The so¬ 
lution was found to contain some phosphoric salts. The 90 grains 
of residue, when heated, burnt like animal matter. They soon 
ran into putrefaction, exhaling ammonia.f • 

* Gehlen, iii. 286. t 9)id. iii. 287. 
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7. When evaporated to dryness and burnt, tins excrementitious 
matter left behind it an- ash, which was found (tnot reckoning the 
sand) to consist of the following salts and earths in the propor¬ 
tion stated 



' Lime, i 

12 

9 

‘Phosphate of lime. 

12*5 


Magnesia, > . 

2 


Iron, . ' . 

5 


Alumina with some manganese, . 

14 


Silica, 

52 

* 

** ’ Muriate and sulphate of po'iash, . 

1*2 


8. Thaer and Einhof made numerous experiments on the pu¬ 
trefaction of cow-dung, both in close' vessels and in the open Jiir, 
from which it would appear that the process resembles closely 
the putrefaction of vegetable matter; the oxygen of the air being 
abundantly changed into carbonic acid.f 

III. To Vauquelin we are indebted for an analysis of the fix¬ 
ed part^’of the excrements of fowls, and a comparison of them 
with the fixed parts of the food ; from which some very curious 
consequences may be deduced. 

He found that a hen devoured in ten days 111 11*843 grains 
troy of oats. These contained. 

Phosphate of lime, . 126*509 grains. 

Silica, . . 219*548 


346*057 

During these ten days she laid four eggs; the shells of which 
contained 98*779 grains phosphate of lime, and 453*417 grains 
carbonate of lime. The excrements emitted during these ten 
days contained 175*529 grains phosphate of lime, 58*494 grains 
of carbonate of lime, and 185*266 grains of alica. Consequent¬ 
ly, the fixed parts thrown out of the system during these ten 
days amounted to. 

Phosphate of lime, . 274*305 grains. 

* Carboii'ate of lime, . 511*911 

Silic£^ . . . 185*266 




Given out. 
Taken in. 


971*482 

356*057 


615*425 


t Ibid. 295, 31 a. 


• GeUlen, iii.- 321. 


Surplus, 
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Consequently, the*qu|intity of fixed matter given out of the sys¬ 
tem in ten’ day# exceeded the quantity taken in by 615*425 
grains. 

The silica taken in amounted to, . • 219*548 grains. 

That given out was only, • . 185*266 

‘Remain, 34*282 

Consequently, there disappeared §4*282 grains of silic^ 

The phosphate of lime taken in was f 136*509« grains. 

That given out was . . *274*305 • 

• * • — ■ .. , • 

137*796 

Consequently, there must have been formed, by digestion, in 
this fowl, noles^than 137*796 grains of phosphate of* lime, be¬ 
sides 511*911 grains of carbonate. Consequently, lime (hnd per¬ 
haps also phosphorus) is not a simple substance, but a compound, 
and formed of ingredients which exist in oat-seed, water, or air, 
the only substances to which the fowl had access. Silica may 
enter into its composition, as part of the silica had «dis^)peared ; 
but if so, it must be combined with a great quantity of some other 
substance.* 

These consequences arc too important to be admitted without 
a very rigorous examination. The experiment must be repeat¬ 
ed frequently, and we must be absolutely certain that the hen 
lias no access to any calcareous earth, and that she has not di¬ 
minished in weight; because, in that case, some of the calcare¬ 
ous earth, of which part of her body is composed, may have bn^ n 
employed. This rigour is the more necessary, as it seems pretty 
evident, from experiments made long ago, that some birds, at 
least, cannot produce eggs unless they^ave access to calcareous^ 
earth. Dr Fordyce found, fhat, if the c^ary bird was not sup¬ 
plied with lime at the time ^f her laying, she frequently died, 
from her eggs not coming forward propcrly.> He divided a 
number of these birds at the time of their laying eggs into two 
parties; to the one he gave a piece of oTd mortar, which the litt]c 
animals swallowed greedily ; they laid tjjeir eggs as usual, and 
all of them lived ; whereas many of the gther party, which were 
supplied with no lime, died.| 

• Ann. de Cliim. xxix. 61. t 0” Digestion, p. 25. * 

t Ibid. p. 26. 
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Vauquelin also ascertained, according ^6 Fourcroy, that 
pigeons’ dung contains un acid of a peculiar flaturd, which in¬ 
creases when the matter is diluted with water, but gradually 
gives place to ammonia, which is at last exhaled in abundance. * 

IV. The white matter voided by dogs who feed chiefly on 
‘Donti®, was formerly used in medicine under the name of album 
grcecvm. It has not been examined by modern chemists, but is 
supposed to consist in a great measure of the earthy part of the 
bones used as food, t 

V. M. l^assaigiie,!: in 1821, made some experiments on the 
meconium frowi the foetus of a calf, Hd found in it the follow¬ 
ing substances^ * 

, Mucus, ’ Common salt, 

' Green matter. Carbonate of soda. 

Yellow matter. Phosphate of lime. 

VI. In the year 1815, Dr Prout examined the excrements of 
the Boa constrictor,^ This substance was solid, of a white colour* 
inclining'to yellow. The fracture was earthy. When it was 
rubbed against a hard body, it left a white mark like chalk. Its 
feel was rather more dry and harsh than that of chalk, and 
it was more friable. The smell was faint and mawkish. The 
specific gravity, 1’385. It was found composed of. 


Uric acid. 

90T6 

Potash, . . • 

. 3*45 

Ammonia, 

1*70 

Sulphate of potash with trace of ) 

0*95 

common salt, . . / 

Phosphate of lime, . 

Carlmnate of lime, . > 

0-80 

Magnesia, , . . j 

Animal matter; viz. muebs and ) . 

9 *04 

a little colouring matter, j 

100-00 


Th^ facts were confiSrmed by Dr Davy in 181711 and by Vau- 
quelin in 1822,11 Dr Davy proved by dissection that the yel- 

* Fourcroy, x. 70. t Neumann's Chemistry, p. 585. 

I Ann. ,de Chim. et de Phys. xvii. 904. Ann. Ixxi. 128. 

§ Annais of Philosophy, v. 413. || Phil. Trans. 1818, p. 302. 

i| Ann. de Chim. et de Phys. xxi. 440. 
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lowish white mattA examined was not the feces but the urine of 
the serpent* 1^ is voided once in from J:hree to six weeks. Dr 
Davy found the urine of four species of lizards, of the alligator, 
the turtle, and the tortoise, similar in its consistence and consti¬ 
tution to that of the serpent • • 

VII. The excuements of the CliamcBleonts vulgaris werc^exa-* 

mined by Dr Prout in 1820.* They consisted partly of a fine 
powder of a bright lemon yellow* colour, and partly of lumps 
composed of the same powder loosely aggluXinatedt Tli^y con¬ 
sisted almost efitirely of urate of ammonia and a tittle colouring 
matter. Thus they r^^mble very closely tl^ excBeraen4s.of the 
Boa constrictor. The food of the chamaelooiiis is said to con¬ 
sist of the Lumbricus terrettris and the larvae of the y^enebria 
molitor. ^ *• 

VIII. It was shown many years ago by Dr Wollasthn that 

the dang of fowls consists chiefly of uric acid. The dung, or ra¬ 
ther the urine of carnivorous birds, is very similar in its constitu¬ 
tion to that of the Boa constrictor. • * 

The stomach often contains gaseous matters. A quantity of 
gas extracted from the stomach was .analyzed by Chevreul, and 


found composed of. 

Carbonic acid, . 43 volumes. 

Sulphuretted hydrogen, 2 

Oxygen, . . 4 

Azotic, . , 31 

Carburetted hydrogen, 20 


loot 


• Annals of Philosophy, xv. 471. 
t Leurct and Las^aigiie sur la Digestion, p. li^^ 
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CHAPTER XXV. - 

OF THE AIR contained IN THE SWIMMING BLADDER 
' OF FISHES. 

Many fish are furnished with a bladder filled with air, by means 
of which they are supposed to rise or sink in the water. When 
they wish to rise they are supposed to dilate their air-bladder; 
when they wish to sink they compress it Whether this he the 
use of the air-bladder of fishes is somewhat doubtful. Most fish 
have a peculiar depth at which they almost always remain. Thus 
the flat fish constantly affect the bottom of the sea, while there 
are others that as constantly affect the surface. From the 
observations of Biot it appears, tliat when a fish is suddenly 
brought from a great deptli towards the surface, the air-bhadder 
swells so much that the fish cannot again sink; nay, it often 
bursts; and the air making its way into the stomach, swells it 
up, and,^forces it into the mouth or oesophagus. The air with 
which these bladders is filled was first examined by Dr Priestley 
in 1774. From his observations it appears that it varies in its * 
nature. The roach was the fish the air-bladder of which he ex¬ 
amined. At first he found it filled with azote, but afterwards he 
got a mixture of oxygen and azote. * 

Fourcroy long after examined the air in the air-bladder of 
the carp, and found it almost pure azote: and similar results 
were obtained by other chemists. But by far the most complete 
analysis of this kind of air has been made by Biot, while in Yviza 
and Formentera, two islands a little to the south of Majorca and 
Minorca. He was employed by the French government to pro¬ 
long the meridian of France to the Balearean islands, and em¬ 
braced the opportunity which prerented itself to examine the air 
in the bladders of the different species of fish caught in the neigh- 
' bourhood of these islands. Next season he returned to the same 
islands with Mr Laroche, who repeated and confirmed his pre¬ 
ceding experiments.t 

Biot found the air in the air-bladders a mixture of azotic and 
oxygen gas in veiy variable proportions. N o traces of hydrogen 

* Prieftley on Air, ii. 462. 

t BioCs MemoirB are printed in the Mem. D’Arcueil, i. 252, and ii. 487. 
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gas could be detected j nor was there any sensible quantity of car¬ 
bonic acid. • Tfci« proportion of oxygeq gas was very various, 
being ^metimes very minute, and sometimes constituting almost 
the whole of the gas. The air bladders of t|;^ose fish which live 
near the surface contained least oxygen gas, and the bladders o. 
those which wera brought >ip from a great depth contained th^ 
most. The following table exhibits the proportion of oxygen in 
100 parts of the air in the dificrefit fish examined: 

t 

Names of the Fish, Prop, of Oxi/gen. Names of the Fish. Prop, of ^Oxygen. 
Miigil cephalus (JLinn.) (juaiit. imori. Sdspna iiigi'a, feinatc, . 0 27« 

Ditto. . . ^Ditto. Ditto, male, . . 0'25 

Mura;nophishc]ena(Zac«/.)Very little. Labriis turdut (Zzn)?.) feiuA#, 0 2^ 
Sparusamiiilaris (Z/nn.) female, 0‘09 Ditto, rodle, ? . 0*28 

Ditto, male, . . b*0B Spams dentex (Ztnn.) female, 0*40 

Spams sargus (Ztnn.) female, 0*09 Sphyraena spet, (Lucep.) • 0*44 

Ditto, male, . . 0*20 Sparus argentciis, . ^ 0*.50 

Holoccntrus marinus (Zucep.) 0*12 Spams erytlirimis, . . Much 

Labms turdus (Zmn.) . 0*1G Holocentius gigas, . . 0*69 

Spams mclaniims (Linn.) 0*20 Gadus m^rlurcius (Linn.) 0.79 

Labms turdus (Far. Zinn.) 0*24 Trygla lyra (Ztnn.) 0*87 

The depth at which the fish in the preceding table are caught 
increases gradually, as well as thq proportion of oxygen, from 
the beginning to the end of the table. The last-mentioned fish, 
the Trygla lyra, is always caught at a very great depth. The ex¬ 
periments of Laroche confirm the accunicy of this curious fact. 
The mean result, furnished by all the fishes ttiken at a depth 
grctiter than 150 feet, was 0*70 of oxygen; while the mean re¬ 
sult, furnished by the fish caught at less depths, was 0*29. This 
superior purity is not owing to any superior ptirity in the air of tlie 
water of the sea at great depths. The air obtained from sea 
water, brought up from a great depth, yielded 0*265 of oxygen, 
while <ihat from water taken at the surface was purer. 

It is very remarkable that the air ifi the bladder of fishesT 
taken near the surface, should bq almost pure azote. Sut this 
holds also with respect to fresh water fish. Tlqis Biot found the 
air in the air-bladder of a carp to contain 003 of oxygen, whilb 
that of a tench contained 0*16; and*Geoffrdy and Vauquelin 
found the air in the air-bladder of pikes, loaches, and perches, 
to contain 0*05 of oxjTgeu. Humboldt‘likewise found very lit¬ 
tle oxygen in the air-bladder of the (Tymnotus electricus, 
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PART III. 

OF MORBID CONCRETIONS. 

9 

r 

Solid bodies are apt to be deposited in various cavities^ both 
of the hi(inan body and of the inferior animals. These occasion 
uneasiness frequently terminating in disease and death. These 
Concretions, so far as they have been investigated by chemists, may 
be arranged under the six following heads r— 

1. Urinary calculi. 4. Biliary concretions. 

2. Gouty concretions. 5. Ossifications. 

3. Salivary concretions. 6v Intestinal concretions. 

These will be treated of successively in the six following chap¬ 
ters. 


CHAPTER I. 

1 * 

OF URINARY CALCULI. 

It is well known that concretions not unfrequently form in 
the kidneys or bladder, and occasion one of the most dismal dis¬ 
eases to which the human species is liable. 

These concretions were distinguished by the name of calculi, 
from a supposition that they are of a stony nature. Their ex¬ 
istence must have been known from the very commencement of 
medical science. The mode of extracting them by an operation 
was known to the andente, and is described by Celsus. Che¬ 
mistry had no sooner made its way into medicine than it began to 
exercise its ingenuity on the upuRi/ calculi; and various theo¬ 
ries of their nature and origin were given. According to Pa- 
rHcelsus, who distinguished them by the name of dtielech, they 
were intermediate between tartar and stone, * or were composed 
of a mucilaginous tartar that floated in the blood-vessels. In 
his tburtii trac^ De £femento Aquoi, cap. 8, he gives cha¬ 
racters of duelech ; but they difier so much from those of urinary 
calculi that it is not worth while to transcribe them. The school- 


Dc Morbis Turt^b'eisi, cap. 11. 
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men considered cdIcuH as a peculiar mucilage concocTxjd and pe¬ 
trified by'the*heat of the body. Thes^ opinions were ably re¬ 
futed by Van[Helmont in his treatise De Lithiad, which contains 
the first attempt towards an analysis of uri^p and urinary cal¬ 
culi ; and, considering the period w|}en it was written, i» certaiu- 
ly possessed of uncommon merit He demonstrates that the ma« 
terials of calculi exist in the urine. He considers them as com¬ 
posed of a volatile earthy matter,*and the saline spirit of urine, 
which coagulate instantaneously when they come in ‘contact; 
but which are* prevented from combining in healthy people, by 
what he calls scoria, jyhich saturates the salt^of uiyne. . 

Boyle found calculi soluble in nitric, but insoluble in sulphuric 
acid and muriatic acid and Vinegar, f Thus showing the species 
upon which his experiments had beeen made. Slave attempted 
a chemical analysis of them. | Hales extracted from 4hem a 
prodigious quantity of air. He gave them the name of animal 
tartar ; pointed out several circumstances in which they resem¬ 
ble common tartar, and made many experiments to find*a solvent 
for them. § Drs Whytt and Alston pointed out a^ealies, parti¬ 
cularly lime, as the best solvents of ailculi. The first ^tempt at 
a description of human urinary calculi that I have met with was 
by Dr Lewis in his notes on Neumann’s Chemistry, published in 
1759. II 

Such was the state of the chemical knowledge of lurinary cal¬ 
culi when Scheele published a set of experiments upon a collec¬ 
tion of them, which he had made; in the Memoirs of the Stock¬ 
holm Academy for 1776.f All that he examiitcd were of the same 
nature. Scheele showed that they consisted of an acid, to whicli 
the name of uric acid was given. He considered calculi as oily 
salts composed of a mucilaginous matter with uric acid in excess. 
To Scheele’s paper an appendix was a&ded by Bergman. He * 
also had been engaged in examining urinary calculi Sqpie he 
found to agree in their nature with those of Scheele, while others 
consisted chiefly of phosphate of lime. • 

Scarcely any ad^tion was made to the disco\^eries of Scheele 

• 

• De Lithiasi, p. 21. Cqpstituting an appendubto Van Helmont’s Opera. 

f Shaw’s Boyle, iii. 557* f P^. Tra^s- xvi. 140. 

§ Vepet. Stjitics, ii. 189. 

II Lewis’s Neumann’s Chemistry, p. 532. 

^ Kongl. Vetenskiaps Acad. Hand. 1776, p. .327. 
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and Bergman till Dr Wollaston published his important paper 
on urinary and gouty concretions in 1797. Mr Lane, indeed, 
examined the action of heat on various calculi, and the quantity 
of each dissoLed in 48 hours in caustic potash.* About the year 
1797, Brugnatclli published some'obscrvations on urinary calcu- 
di.t Those which he examined he found partly soluble in water, 
and he says that the portion dissolved was biphosphatc of lime. 
The portion not soluble in water was uric acid, and he says that, 
when treated with nitric acid, a great part of it was converted 
into oxalic acid. 

Dr .Wollaston, in his paper publishtfJ in the Philosophiciil 
Transactions for 1797 (p. 386), describes four new species of 
calculi, which had been observed indbed before, but their clieini- 
cal constitution was unknown till it was determined by Wollas¬ 
ton,. These were, 1. Fusible calculus. It bad been observed by 
Smithson Tennant, that when this wilculus was exposed to the 
action of the blowpipe., instead of being consumed like the uric 
acid calculus of Schecle, it left a considerable residue, which fused 
into an opaque white glass. Wollaston found that these calculi 
contained brilliant crystals of ammonia-phosphabC of magnesia, 
which were usually mixed with phosphate of lime and some uric 
acid. 2, Mulherry calculus. This name had been given by sur¬ 
geons to a dark-coloured calculus with an uneven surface, bear¬ 
ing some resemblance to a mulberry. Hence the name. Dr 
Wollaston found that it consisted essentially of oxalic acid com¬ 
bined with lime. The smooth calculus known by the name of 
hemp-seed calculus, W ollaston found also to be chiefly oxalate of 
lime; bqt to contain phosphate of lime and some iu*ic acid. 
From the late investigations of Wohler and Liebig, it seems to 
be very probable that the mulberry calculus is in reality a com¬ 
pound of oxaluric acid and lime. <3. Bone earth calculus. This 
calcujus has a brown colour, is smpoth, and composed of concen¬ 
tric laminae, ejialy separated from each other. Before the blow- 
' pipe it is at first charred; then becomes perfectly white, and 
urged by the utmost beat of the blowpipe it fuses. It consists 
(essentially‘of phosphate of lime; and differs from bone earth by 
containing no carbonate of lime. 4. Calculifrom the prostate gland. 
These are small calcii^i having the colour and transparency of 


• Phil.'Trans. 1791, p. 223, 


*1* Ann. de Chiin. xxviii. 52. 
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amber. They conflist of phosphate of lime tinged with tlie se¬ 
cretion of the pnofitate gland. ^ 

About the commencement of the present century Fourcroy 
and Vauquelin announced their intention of making a rigid ana¬ 
lysis of all the calculi which they coqld procure, and invited me¬ 
dical men to send«thcm specimens. In this mannci; they obtain-* 
ed and examined about 600 different calculi. They foun^ the 
same substances which Wollastoif *had described, and likewise 
urate of ammonia, and in two calculi a quantity of, silick. It is 
remarkable thftt, though Dr Wollaston’s experiments had beeu 
published three years, before, and in the Philosop]^icaU Transac¬ 
tions, a copy of which is regularly transmitted to, the Academy 
of Sciences, of which Fouferoy was a member ; yet Fourcroy, 
who drew up the account of the experiments, takes 90 notice 
whatever of the previous labours of AVollaston, who had antici¬ 
pated almost all the discoveries which they made respecting the 
constitution of calculi.* 

In the year 1808,t Mr Brando examined the calouli in the 
Hunterian Museum, at that time in the possession of Sir Everard 
Home, but now the property of the Univeraty of Glasgow. He 
informs us that he examined 150 calculi, and found their consti¬ 
tution as follows: 

16 were composed of uric acid. 

46 of uric acid with a small portion of phosphates. 

66 of phosphates with a little uric acid. 

12 composed of phosphates entirely. 

5 of uric acid with the phosphates and nuclei of 

oxalate of lime. • 

6 of oxalate of lime chiefly. 

150 . • k • 

Mr Braude endeavours t^ prove that the urate of ammonia 
found by Fourcroy and Vauquelin was only a mixture of uric 
acid and sal-ammoniac. It is remarkable that, as far as my oV 
servations go, and I have examined the Hunterian collection of 
calculi with considerable attention, it contains no calculus ccffi- 

sisting of urate of anfmonia. But in the collection of the late 

% 

* Fourcroy’s papers appeared in various volumes of tbe Annales de Chimie, 
and in his Systems des connoissances Chimiques. * 

+ Phil. Trans. 1806, p. 223. 
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Dr George Monteath of Glasgow, which I e!^mined particular¬ 
ly, there were no fewer than six calculi composed either of urate 
of ammonia, or of a mixture of uric acid and urate of ammonia. 
These calculi were all extracted from young children. They 
were sn?all; but had been a source of such uneasiness while in 
,the bladder, that the noise produced by opening or shutting a 
door** was apt to throw the child into convulsions. 

In 1810,* Dr Wollaston discovered a new calculus, to which 
he gave*the name of cystic oxide. It was subjected to an ulti¬ 
mate analysis by Dr Prout. 

Prou'«t stated that in some urinary calculi which he examined, 
he found a quantity of carbonate of lime. This statement was 
at first called in question, because FoArcroy and Vauquelin found 
no such ^bstance in the numerous calculi which they examined. 
But it has been confirmed by subsequent researches. In Dr 
George Monteath’s collection, there was a calculus extracted from 
a Highlander of 26 years of age. It was white, but not friable; 
nor did k- stain the fingers. It was composed of about one part 
of carbonate of lime and two parts of phosphate of lime; and con¬ 
tained, besides, crystals of ammonia-phosphate of magnesia. 

In 1817, Dr Marcct published his Essay on the Chemical 
History and Medical Treatment of Cahulous Hisorders. In tliis 
work he gave an account of two new species of urinary calcidi. 
The first of these he called from its colour xanthic oxide.^ It 
was subjected to a chemical analysis by Wohler and Liebig, who 
showed that it differed from uric acid by containing two atoms 
less of oxygen. Tke second calculus was composed entirely of 
ahimal matter, possessing the characters of fibrin. Marcet gave 
it the name of fibrinous calculus.:]: 

Berzelius informs us tliat Lindbergson analyzed a iminary 
Calculus composed of um!te of soda .''.nd carbonate of magnesia.§ 
It was therefore analogous to the gouty concretions analyzed by 
Dr Wollaston. 

o Urinary calculi are most commonly ellipsoidal or egg-shaped. 
They vary very much in aze; sometimes being not larger than 
the head of a pin, and sometimes almost as large as a moderate 
sized fist. I have seen lone which was extracted after death from 

.* Phil. Trans. 1810, p. 223. f Essay, p. 95. f Ibid. p. 101. 

§ Traitd Chimie, vii. 413. 
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an alderman of DuBlin, and which almost completely*filled the 
bladder, that weighed several pounds.* X^ie surface is sometimes 
smooth and polished and sometimes rough, being covered with 
numerous tubercles. The colour is sometimesJbrown, sometimes 
white, and in the mulberry calculi almost black. Sometimes they 
are studded with crystals of ammonia-phosphate of magnesia. • 
The* specific gravity, according to Founcroy, varies from 1*213 
to l*976.t 

In general, when a calculus is sawn in twg, we percefv§ that 
it is composed df a number of concentric layers, dbvering a nu-« 
cleus. These layers (Jtifgetiier with the nucleus) sg’e seiagtimei} 
all composed of the same matter; but morew frequt'utly the nu¬ 
cleus consists of a substance'quite different from the concentric 
layers that cover it Uric acid and oxalurate of lime are very 
common nuclei. The concentric layers are sometimes composed 
of the same materials; but frequently also of different materials. 
Tims they may consist of uric acid or pho^hate of lime, or triple 
phosphate, or of two or more of these intermixed. •• 

The urinary calculi hitherto observed may be conveniently 
arranged under the following genera: 

1 . Uric acid calculi .—Their most common colour is brown, 
differing somewhat in the depth of shade. But this is not always 
the case, for I have in my possession several small uric acid cal¬ 
culi passed per urethram, almost as white as chalk. The surface 
is sometimes smooth and polished, but not unfrequently tubercu¬ 
lar. The specific gravity varies from 1-5 to 1*786. But some¬ 
times it is as low as 1*276. It is usually com|>osed of concentric 
lamime, differing in thickness and exactly resembling each other. 
Each lamina is composed of fibres, (or small crystals,) so placed 
as to be perpendicular to the central point of the calculus. 
Judging from the collections of calculi which I have seen, * 
(amounting in all to not fewe* than 1000,) this is by far th§ most 
common of all the urinary calculi. , 

Uric acid calculi are very sparingly soluble in water; requir-* 
ing at least ten thousand times their weight of that liquid. But 
they dissolve readily in caustic potash or soda ley, especially 

* Sir James Earl describes a stone taken out of Ibe bladder after death that 
must have been larger than this. It tilled the bladder, and weighed 3 lbs. 4 oz. 
troy. It consisted of a congeries of calculi united together. It wai^omposed 
chiedy of trijde phosphate. See Phil. Trans. 18U9, p. 303. 

t Systeme, x. 213. 
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when assisted by heat, and the uric acid is pif*ecipitated from the 
solution by all acids, even by the acetic. 

2 . Urate of ammonia cahmli .—These calculi, so far as I have 
seen them, are all small. They are whitish or clay-coloured, 
and composed of concentric coats. They have usually a uric 
r acid neucle’is, and probably cont^n uric acid mixed with the 
urate of ammonia. According to Fourcroy and Vauquelin, their 
specific gravity varies from 1**228 to 1*720. They are obviously 
rare; as there is not a single specimen in the Hunterian colloc¬ 
ation, consisting of several hundred calculi. It was this circum¬ 
stance,-probably, that led Mr Brande tor'conclude that no calculi 
composed of urate of ammonia exist. 

Laugier, in 1824, analyzed a calculus taken out of the blad¬ 
der after death. It was brown, soft, and friable, and could only 
be extracted in fragments. Laugier foimd its constituents to be. 


Uric acid. 

10 

Urate of ammonia. 

40 

Phosphate of ammonia, . 

5 

Oxalate of lime. 

15 

Animal matter, 

20 

Moisture and loss. 

10 


100 


Boutron-Charlard also found urate of ammonia in a urinary 
calculus, t 

3. Phosphate of lime calculi .—This calculus, first determined 
^and described by Dr Wollaston, is much less frequent than uric 
acid calculi. The colour is usually a pale brown, and the sur¬ 
face is quite smooth and polished. It is composed of concentric 
laminse, in general adhering so slightly to each other as to se¬ 
parate with ease into«?concentric efrusts. The surface of each of 
whicji, like that of the outermost, is quite smoothi The laminae are 
sometimes striated in a direction perpendicular to the surface. 

When this calculus is ignited it becomes black, in consequence 
of the .charring of the** animal matter which it contains, but it 
* soon burns white, and remains unaltered before the blowpipe, 
unless a very high temperature be applied, when it may be fused. 
It is more easily fiisible than the earth of bones, because it con¬ 
tains li^Ie or no carbonate of Hme. When in powder it dissolves 
readily in nitric or muriatic acid. 

I Ibid. xxii. 556. 


• Jour, de Pbirmacie, x. 258 
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This calculus is tare, only about a dozen of such occur in the 
Hunterian colleatiion. ^ 

4. Ammonia-phosphate of mapnesia calculL —Strictly speaking, 
this does not constitute a peculiar species, as the double phosphate 
always contains a considerable mixtijre of phosphate of lime; at 
least, if any exist composed of the double phosphate of magnesia^ 
anJammonia alone, I have never happened to see them. These 
calculi are yellowish-white, and hath usually a tuherculated sur¬ 
face. It is not uncommon to meet with calculi coqtainih^ crys¬ 
tals of the double phosphate. When these crystals are exposed 
to the action of the hlywpipe ammonia is disengage^ and«hipho^- 
phatc of magnesia remains, which undergoes an imperfect fusion. 

5. Fusihle calculi —TlaiSe calculi are composed of a mixture 
of double phosphate and phosphate of lime. They ijre more 
abundant than any other species, except the uric acid calculi. 
They arc whiter and more friable than any other species. Some¬ 
times they resemble a mass of chalk, and leave a white dust upon 
the fingers. They easily separate into laminae, the intarstices of 
which are often studded with crystals of the double phosphate. 
But this laminated structure is not always observable. They 
often acquire a very large size, sometimes nearly filling the whole 
cavity of the bladder. When these calculi are urged by the 
blowpipe they readily melt into a vitreous globule; in conse¬ 
quence of the mutual action of the biphosphate of magnesia and 
phosphate of lime on each other. 

When this calcidus is pulverized and treated with acetic 
acid, the ammonia-phosphate of magnesia i^ dissolved, and the 
phosphate of lime remains nearly pure; muriatic qcid being 
poured upon this residue, dissolves the phosphate of lime, and 
usually leaves a quantity of uric acid, which not uncommonly 
constitutes the nucleus of the calculus. TSie proportions of these* 
constituents, and with them tbe appearance of the calculus^varies 
very much. When the calculus is large the ou^rmost crust not 
unfrequently contains a greater proportion of ammonia-phosphate 
of magnesia *than the internal parts. It»is not ifncommon to find 
a nucleus of uric acid or oxalate of lime covered by a crust df 
phosphate of lime, and*that again by a efust of fusible calculus. 

6 . Carbonate of lime calculi —^These calculi are common in 
the inferior animals, but very rare in man. It has beep already 
stated that human calculi containing carbonate of lime were first 
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pointed out by Proust. I have only met with one such calculus. 
It was in the collection of the late l)r George !Monteath, and had 
been extracted from Hugh M‘Lean from Cowal in Argyleshire, 
a young man* of twenty-six years of age. The calculus was not 
large. Jt was white, but not friable, nor did it stain the fingers, 
tits nucleus was crystalline, and composed almost entirely of am¬ 
monia-phosphate of magnesia. The calculus itself, if we do not 
reckon the animal matter, wHfeh was but small, consisted of one 
part carbonate and two parts phosphate of lime. Bergman 
also analyzed d calculus consisting chiefly of carbonate of lime. 
It was of• a dirty-white colour, or in some places yellow. It 
readily separated into small concretions about the size of a pin¬ 
head, which had a crystalline structuTc. They were soft. This 
calculus consisted chiefly of carbonate of lime with an animal mat¬ 
ter, which cemented the particles together- It contained no uric 
acid, nor phosphoric acid, nor oxalic acid; nor indeed could any 
other acid be detected except carbonic.* Marchand found two 
carbonate of lime calculi in the Berlin Museum. These he sub¬ 
jected to analysis, and found them composed of 


Carbonate of lime. 

• 

96-00 

Phosphate of lime, 

• 

2-05 

Oxide of iron. 

• 

0-05 

Animal matter. 

« 

1-40 
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7. MuUtcrry calculL —This calculus, which is not unfrequent, 
is usually hard, of d dark dirty-greenish or brownish colour, and 
with a tuberculatcd surface, in consequence of which it got the 
name of mulberry calculus. Dr Wollaston first subjected this kind 
of calculus to examination, and extracted from it oxalic acid and 
lime. Hence he conckided that it‘ consisted of oxalate of lime 
mixedbwith some uric acid and phosphate of lime. But there 
can scarcely be,a doubt that the true constituent is oxalurate of 
*iime, 

Wohler and Liebig have shown that oxaluHc add is a com¬ 
pound of 

2 atoms oxalic acid, . C* '* O® 

1 atom urea, . H* Az^ 0“ 

C® H* Az2 0» 

t Ann. der Pharm. xxxii. 32>3- 


Poggendorfs Aniialen, xix. 5.36* 
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Wlien the solutioif of this acid is concentrated it deposites crys¬ 
tals of oxalate of cirea, and then of pure^ oxalic acid. Hence at 
the time that Dr Wollaston made his experiments (1797), it was 
impossible for him to have drawn any other conclu^on than that 
the acid constituent of the calculus was oxalic. . * 

Calculi occur, which froifl their appearance have been c^lcd* 
hemp-seed calculi. They are always small, pale-coloured, and 
remarkably smooth on the surface. Dr Wollaston examined 
them, and found them also to consist of oxalate of lime. it.would 
be an object of*sorae consequence to ascertain by a chemical an-^ 
alysis whether the acidH^hich they contain ho^oxalie or*nS:«/«nrt 
These hemp-seed calculi must be very rare^ I have only seen 
one specimen in all the nuiherous collections of calculi, which I 
have examined. ^ ^ •. 

Dr Marcet met with three different specimens of miflberry 
calculi, passed per urethram by three different persons, and hav¬ 
ing each a distinct crystalline texture. The shape of the crys¬ 
tal was a very flat octahedron,* •• 

6 , Urate of soda cnlculi .—^Dr Wollaston first sliowed^hat the 
clmlh stones which form in the jointji of gouty patients consist 
chiefly of urate of soda. Berzelius informs us that M. Lind- 
bergson analyzed a urinary calculus which he found composed 
of urate of soda and carbonate of magnesia. I ihet with a par¬ 
cel of very small calculi in the collection of Dr George Mon- 
teath, whicli were coated on the surface with urate of soda. They 
were obtained from a man of 60 years of age, who laboured un¬ 
der a diseased prostate gland. These calculi Vere 40 in num-. 
ber, about the size of a pea, some cylindrical and others approach¬ 
ing to the cubic shape. Within they were yellow, but the ex¬ 
ternal surface was white. The yellow j)ortion was uric acid. 
From the white surface I extracted uric acid and soda. 

There was in the same collection, another calculus extracted 
after death. It consisted of a mulberry nucleus^ covered by a 
pretty thick coat of uric acid. The surface was white, and had ’ 
exactly the appearance of the surface of the sm*all calculi just 
mentioned. Hence I considered it probable that it consisted al- * 
so of urate of soda, but Xbad not an opportj^mity of examining it. 

9. Cpstic oxide calculi ,—This rare calculus, the substance con¬ 
stituting which has already been described under the name of 

• Marcet’s Essay, p. 78. 


N n 
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cystin* was first described and examined by Dr Wollaston.f 
Calculi composed of it have a pale yellow colour^iare translucent, 
and appear irregularly crystallized. It was analyzed by Dr 
Prout, and found composed of Az^ O^®. It is, therefore, 

probably related to oxalurip acid. Being, in fact, two atoms of 
(■oxaljuric add + eight atoms water'‘ 4 - one atom azote. 

Stromeyer found cystic oxide in the gravel passed by a pa¬ 
tient. The urine of this patient contained a good deal of cystic 
oxide, but hardly any uric acid; and the urea was not in its na¬ 
tural state.t 

oxide calculu —Only tw© specimens of this very 
rare calculus Jiave been hitherto observed. Dr Marcet first de¬ 
scribed it from a specimen from Drs Babbington and W dhler, 
and Liebig analyzed it from a much larger calculus extracted 
from a patient by M. Langcnbeck, and still preserved in Lagen- 
beck’s collection. They found its constituents IP Az* O®. 
Now uric acid is Az* O®. It diflers, therefore, from the 

xanthic* oxide of Marcet, by containing two atoms more oxygen. 
Hence the,reason why Wohler and Liebig have given it the 
name of uric oxide. It is even much rarer than cystic oxide; 
since only two calculi composed of xantbic oxide have been 
hitherto discovered. 

11 . Fibrinous calcidL —Only a single calculus of this kind has 
been hitherto met with. It vras about the size of a pea, and was 
given by Sir Astley Cooper to Dr Marcet 

It had a yellowish-brown colour, somewhat resembling bees’- 
wax. Its hardness was also nearly that of bees-wax. Its surface 
was uneven, but not rough to the touch; its texture rather fibrous, 
and the fibres apparently radiating from the centre. It was some¬ 
what elastic. It burnt with flame, emitting an animal smell, which 
did not resemble thabof uric acid,^ cystic, or uric oxide calculus. 
It was insoluble in water and in muriatic acid, but it formed a 
soapy solution with caustic potash, from which it was precipitated 
* by muriatic acid. Nitric acid dissolved it, though not very rea¬ 
dily, and the solution when evaporated to dfyness' did not leave 
' a red or yellow stain. When boiled in very dilute nitric acid, 
it swelled to a great size, and was at last dissolved. The solu- 

s' 

• See page 105. Phil. Trans. 1810, p. 223. 

\ Anif de China, et de Phys. xxvii. 221. 
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tion was precipitated jellow by prussiate of potash.* Tlie gen¬ 
tleman who*pas96d this calculus was from fifty to fifty-five years 
of age.. He had been labouring under symptoms of urinary cal¬ 
culi for two years, recurring in the form of .seveife paroxysms. 
He never had any pain in the kidneys or ureters,, but during the 
paroxysms there was great fain about the neck of* the bl^^dcr,* 
with bloody urine, and frequent difficuky in passing it Under 
these circumstances, he passed three fibrinous calculi at three 
different times, f • • • 

12. Ferruginous calculi —Only a single calciilus of this d# 
scription has been met l^ith. It had been foj^rned «n thc^kidney, 
and was passed by a lady in Bogota, and subjected* to analysis by 
M. Boussingault It weighed 17 grains, and was aboi^ the size 
of a hazelnut I^ form w^ irregular, though in somb parts it 
liad a lamellal^d structure. Its colour was not uniform* being 
in some parts ochre-yellow, in others deep-brown. It had great 
resemblance to bog-iron ore, and had a specific gravity of 2*886. 
Its constituents, as determined by the analysis of BoudiUngault, 
were, • ^ 


Peroxide of iron, , . 

:18-81 

Alumina, 

23*00 

Silica, . . 

17*25 

liimc. 

8*02 

Water, 

10*89 


98*17J 


If no deception was practised, this must bS allowed to be 
most extraordinary concretion from the bladder of a w'eman. 

Such are the different species of human urinary calculi hitherto 
observed and examined. It is hardly necessary to remark, that 
the species of more frequent otcurrence are often mixed together 
in the same calculus usually m conpentric coats. The mosbeom- 
mon nucleus is uric acid and oxalurate of lime. When the stone 
is large, and has rennained long in the bladder, the outermost * 
coats in genefal consist of fusible calculife; for it is a remarka¬ 
ble fact, and well deserving the attention of medical men, that 
whenever the bladder becomes diseased frqm irritation, the quan¬ 
tity of phosphate of lime and ammonia-phosphate of magnesia in 

* Marcet’s Essay, p. 101. t Ibid, p 103. * 

t Jour, de Pliann. xi. 153. 
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the urine is increased, or at least its tendency to predpitate is 
very much augmented. * This is partly, no douht, owing to the 
evolution of ammonia in the urine, which almost always takes 
place when this inner coat of the bladder is diseased. Calculi 
composed of phosphate of lime are rare, and in general they 
hontam no other ingredient than phosphate of lime cemented by 
ammal matter, and disposed in concentric coats. In some rare 
cases, the external coat, or at least part of it, is uric acid; but an 
external coat-of fusible calculus or ammonia-phosphate of mag- 
IJesia is rare. This would indicate that the urine m which phos¬ 
phate ef lime •calculi are deposited is not ammoniacal. 

There can be little doubt that the nucleus of almost all the 
calculi b formed in the kidney: and what is called a fit of the 
gravel is* the pain felt while that nucleus is passing from the 
kidney through the ureter to the bladder. We must except those 
cases in which any solid substance makes its way into the blad¬ 
der ; because a urinaiy^ calculus almost always is deported up¬ 
on this ^lid matter. Thus in the Hunterian collection there is 
a large fusible calculus, which has for its nucleus a piece of leaden 
sound. I have seen a calculus formed upon a pin, which must 
have been thrust into the bladder, (probably of a female,) through 
the urethra. Dr Marcet gives an instance of a musket-ball lodg¬ 
ed in the bladder, round which as a nucleus a urinary calculus 
had concreted. 

As most of the constituents of urinary calculi exist in the 
luine, there is no great difiBculty in conceiving how they may ori¬ 
ginate, either in thb kidney or bladder. 

Uric amd being a constant constituent of urine, and being 
very little soluble, we can easily see how it may be deposited 
whenever the quantity of free acid, which urine contains, happens 
to be augmented. Ifi uric acid exists in urine (as Dr Prout 
conjectures) in the state of uratetof ammonicty that salt would 
be deposited whenever it exists in greater than its usual quan¬ 
tity in ammoniacal urine. It is very curious that this state of 
the urine should be confined to children, and that the deposition 
of such calculi produces so great a degree of irritation. 

Phosphate of lime exists in urine thfiugh in small quantity. 
It is dpubtless held in solution by the acid which healthy urine 
containSfin excess. Hence phosphate of lime can only be depo- 
nted when the urine becomes alkaline by the evolution of am- 
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monia. Now it ffe curious^ that whenever the urine becomes am- 
moniacal^ the ^[uantity of phosphate of Jime which it contains is 
very much increased. We might, therefore, expect depositions 
of phosphate of lime in alkaline urine. And I believe that this 
happens in almost every case. But the deposit js usually in pow¬ 
der, and it is evacuated along with the urine, unless a lyicleus 
already exist to which it can attach itself, or unless a quantity of 
thick mucus sufficient to form wifli the powder a solid concretion 
happens to be present • • * , 

Phosphate of magnesia exists in urine in very minute propor¬ 
tion, and doubtless iji^he state of biphospkc^e. WhenAbe urijae 
becomes ammoniacal, tins biphosphate is saturated with ammonia, 
and converted into ammonia-phosphate of magnesia, which, being 
quite insoluble, ^ of coursp precipitated along with theq[>hosphate 
of lime. Jt is probable that, when the urine becomes ammoniacal, 
the quantity of biphosphate of magnesia, which it naturally con¬ 
tains, is greatly augmented. Hence the reason of the great quanti¬ 
ty of ammonia-phosphate of magnesia found in the fusible calculi. 

It has been shown that urine in certain cases coptains a con¬ 
siderable quantity of carbonic acid. If we were to admit that 
when this is the case, the urine (in certain cases at least) may 
contain bicarbonate of lime, it would explain the very rare for¬ 
mation of calculi containing carbonate of lime as one of their 
constituents. 

It has been shown by Wohler and Liebig that when uric add 
is treated with nitric acid, it is (under certain circumstances), con¬ 
verted into parabanic acid, and that, wlicR parabanic acid is 
united to a base, it is converted into oxaluric add., Now li* 
Prout informs us that he has met with nitric acid in certain cases 
in human urine. We can, therefore, in some measure, account for 
the formation of mulberry calculi consisting of oxalurate of lime.* 
The formation requires the oxtstence of nitric acid in uripe. It 
is true, indeed, that Wohler and Liebig founj. it necessary to 
employ nitric acid of a given density, to apply heat, and to dis* 
solve in it sdlid uric acid, in order to obtain pai^ibanic acid. But 
in the living body the process is much more slow. Nor calh 
there be any reason toMoubt tliat nitric acid, even in the dilute 
state in which it may exist in urine, may'be capable, slowly and 
silently, to produce the same change on uric add in |he living 
l»ody, that concentrated nitric acid, assisted by heat, produces 
upon solid uric acid. 
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As urine contains both uric acid and soda,^ we have no rea¬ 
son to be surprised at occasionally finding urats^xtf Soda in uri¬ 
nary calculi. Whenever the urine is rendered alkaline by a 
long continued usCcof carbonate of soda, one would naturally ex¬ 
pect that* the urqte of ammonia would be converted into urate of 
(oda, which being insoluble or nearly so, would be precipitated 
in crystalline grains or in-powder, and this powder, cemented by 
the mucus of the inside of the bladder, might give origin to a 
nucleus^ of urate of# soda. The great rarity of such calculi 
shows how seldom the urine is rendered alkaline by an excess of 
sOyda. 

Cystic oxide .calcuU are very rare. As this substance, so far 
iis we know, does not exist in urine, we cannot so readily account 
for its a|ypearing in the urinary organs. W,c might indeed 
easily start various hypotheses to connect cystic oxide with uric 
acid, oxaluric acid, and some other substances which cither exist 
ready formed in the urine, or make their appearance in certain 
cases. Bdt we refrain, because such hypotheses have very little 
tendency to improve our knowledge. 

Uric oxide, differing from uric acid simply by containing two 
atoms less oxygen, we have only to conceive the action of some 
deoxygenizing principle upon uric acid in the urine, in order to 
account for the appearance of these cjilculi. Carbon, for exam¬ 
ple, in some state or other, might be conceived to deprive uric 
acid of two atoms oxygen, and to be converted into carbonic acid, 
while it left the uric acid converted into uric oxide. 

, Fibrinous caladi' seem always to be formed in the bladder. 
We cannot at present account for their origin, though it may 
be connected with the presence of albumen in urine. For it 
has been shown in a former part of this work that albumen and 
fibrin are mere varieties of the samfe animal principle. 

Urijuary calculi from the mferiojuinimals .—These calculi have 
hitherto been imperfectly examined. Indeed, if we except those 
^inimals which have been domesticated, few opportunities occur 
for examining the calculi which may be formed in" the urinary 
organs of the inferior animals. 

1. The Horse .—^Dr Pearson fmalyzed several calculi from the 
horse. . He found them to consist of phosphate of lime, phos- 
])hate of ^mmonia, and animal matter.* But a calculus from a 


• Phil. Trans. 1798, p. 15. 
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horse, which was*^yen him by Dr Baillie, and which had been 
found in the kidney, had a different cjiraposition. It was of a 
blackish colour, very brittle and hard, and had no smell or taste* 
It was heavier than human urinary calculi., It proved on ana¬ 
lysis to con^st of carbonate of lime*cemented together by animal 
matter. * • • • _ • 

*Mr Brande analyzed three urinary calculi from the norse; 
the first from the kidney, and the* other two from the bladder. 
He found their composition as follows: • • , 


Phosphate of lisnft. 

1. 

n 

.2 

A5 • 

3. 

• •60 

Carbonate of lime, 

22 

.10 

40 

Ammonia-phosphate t>f magnesia, 

• ■ • 

28 

• • • 

Animal mq|;ter, , 

• s * 

15 

• 

• • • • 

• _ 

• 

98 

98 

loot 


Wurzer and John had found carbonate of magnesia in small 
quantity in the calculi from the horse, and this wasf Confirmed 
in 1823 by the experiments of Lassaigne.^ • 

2. Tke Ox ,—^Fourcroy and V{jiuquelin seem to have been 
among the first chemists who examined the urinary calculi of the 
ox. They found those which they subjected to analy^s compos¬ 
ed chiefly of carbonate of lime. This constitution was confirm¬ 
ed by Brande, who analyzed several calculi from the bladder of the 
ox, and found them composed of carbonate of lime and animal mat- 
ter.§ M. Lasaigne examined several in 1823, and found that the 
carbonate of lime was mixed with a little carbonate of raagnesi%|| 

3. 77tc Sheep .—^Mr Brande analyzed a urinary calculus of a 
sheep, and found it composed of, 


Phosphate of lime. 

72 



Carbonate oWime, 

* .• 20 


• 

Animal matter. 

:• 8 

• 



lOOf 


# 


In the yedt 1830, M. Lassaigne exanlined a siliceous calculus 
found in the urethra of a male lamb of the Merino breed, it 
was white, with a slight shade of red, ver^ friable, and had a cy- 


* Phil. Trans. 1798, p. 15. f Ibid. 1808, p. 233. 

t Ann. de Chim. et de Phys. xxii. 440. § Phil. Mag. xxxifl p. 178. 

II Ann. de Chim. et de Phys. xxii. 440. ^ Phil. Trans. 1808, p. 235. 
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liudrical sViape, tapering towards the extremities. It was com¬ 
posed of concentric coate adhering very slightly to each other. 
It was composed of silica mixed with a small quantity of per¬ 
oxide of iron v^ind some animal matter.* 

% 

4. Tlffi Hog »—^Fourcroy ^found the calculus from a hog, ex¬ 
amined hy him and Vauquelin, to consist almost entirely of car¬ 
bonate of lime. And a urinary calculus from a hog analyzed 
by Mr Brande, contained 90 per cent, of carbonate of lime, and 
the rest was animal matter.f In the year 1811, 1 analyzed a 
calculus from the urethra of a hog, which I got from Mr Col¬ 
ville, suifgeon in Ayton, Berwickshire. It was nearly spherical, 
weighed 44*2 grains,,and had a specific gravity of 1*595. It was 
white, had a silky lustre, and was composed of a congeries of 
very sinah needles. It consisted entirely of phosphate of lime 
and animal matter.:|; In 1825, a calculus from the bladder of a 
hog was analyzed by M. Caveiitou, who found its constituents 
to be, 

* 4 . 

Ammonia-phospliatc of magnesia, 99*5 
A.nimal matter, . . 0*4 

99*9§ 

In the Hunterian collection of calculi in the Glasgow Universi¬ 
ty museum there is a small phial containing a number of dark- 
coloured pearls, labelled as extracted from the bladder of a hog. 
They consist of alternate layers of carbonate of lime and animal 
matter. 

From these facte •\i appears that the urinary calculi of hogs, so 
far as they have been examined, consist sometimes of carbonate 
of lime, sometimes of phosphate of lime, and sometimes of am¬ 
monia-phosphate of magnesia. 

' 5. The Dog ,—^Fourgroy and Vavquelin examined several cal¬ 
culi from the bladder of the dog, apd found them similar to the 
human mulberry calculi. || Mi* Brande in 1808 analyzed a large 
calculus from tKie bladder of a dog twenty years of age. It 
weighed sixteen ounces, was extremely hard, and of a gray co¬ 
lour. When cut through it exhibited a nucleus about the size 
of a hazel-nut, partly made up of concentric layers of phosphate 

* Ariu.>de Cbim. et de Phys. xliv. p. 420. f Phi]. Trails. 1808, p. 236. 

\ Annalsf'if Philosophy, ii. p. 59. § Jour, de Pharmacie, xi. p. 465. 

II Ann. de Mus. d’Hist. Nat. iv.p. 338. 

A 
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of lime, and partly of crystals of ammonia-phosphate of magne¬ 
sia, The part ef the stone investing thismucleus was composed of, 


Phosphate of lime. 

64 

Ammonia-phosphate of magnesia, 

30 

Animal matter, •. 

. 6 « 

• 

• 

—•_ 

• 

• 

100 

Gray-coloured sand from a dog’s’bladder was 

analyz^ by the 

siime chemist, and found composed of, • 

• • 

Cai^onate of lime 

’ 20 

Phosphate»(ff lime, . • . 

A 

• 80 • • 

• 

« 

o 


In 1825, M. {jassaigne,examined a calculus from the bladder * 
of a dog, deppsited in the collection of the Veterinary School at 
Alfort. It was yellowish, semitransparent, and possessed all the 
characters of cystic oxide mixed with a* little phosphate of lime 
and oxalate of lime. Its constituents by analysis weit»* 

Cystic oxide, . . 817*4 

Phosphate and oxalate of lime, . 2*5 


loot 

A good many years ago I received from Montreal a small par¬ 
cel containing about a dozen oi pearls, which had been extract¬ 
ed from the bladder of a dog. The colour was rather too dark, 
and the surface too cloudy to permit these pearls to be used for 
ornamental purposes; but they were much^norc beautiful th§n 
the pearls in the Hunterian collection from the bladder of a hog. 

In 1818, Lassaigne had analyzed a calculus from the bladder 
of a dog. It was yellowish, of an irregular shape, and was about 
the size of a hazel-nut. It^vas composed of urate of ammonia 
mixed with a little phosphate of lime.| • 

From these different analyses there is reason to suspect that 
the calculi of the dog are as much diversified in their chemidCl 
constitution*a8 those of man. * 

6. Tlie Cat —The only chemist who has examined the calcuii 
from the bladder of tSe cat is Yauqu^in, according to whom 
their constitution is similar to that of human calculi. § 

* I’hil. Trans. 1808, p. 235. t Ann. de Chim. et de Phys. xxiii. p. 32H. 
I Ann. de Chim. et de Phys. ix. p. 324. ^ Ann. de Chim. lK«ni- p. 146 . 
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7. The Rabbit—'D t Pearson was the fiyst’person who examin¬ 
ed the urinary calculus of a rabbit. It had a di&rk-brown colour, 
was spherical, and about the size of a small nutmeg. It was bard» 
brittle, and had a specific gravity of 2. It was composed of con¬ 
centric laminae. He found it composed of carbonate of lime and 
animal matter.* Mr Brande analyzed another urinary calculus 
of the rabbit in 1808. It wm of a dark gray colour, weighed 
four dr^hms, and seemed formed of a congeries of smaller cal¬ 
culi. Its constituents were. 

Phosphate of lime, . . 39 

. " Carbonate of lime, . .42 

Animal matter, . . . 19 

loot 

8. The Rat —Fourcroy and Vauquclin seem to be the first 
chemists who examined the urinary calculi of the rat. The spe¬ 
cimens wliich came under their observation were composed, they 
inform us, of oxalate of lime.t I am not aware of any later 
analysis of these concretions. 

9. Jlte Rhinoceros .—No calculi from the bladder of this ani¬ 
mal have been examined. But Mr Brande informs us that the 
urine of the rhinoceros when voided is very turbid; and that 
when allowed to remain at rest it deposits a very large propor¬ 
tion of sediment, which consists of carbonate of lime with small 
portions of phosphate of lime and animal matter.§ It therefore 
resembles the urine of the horse. From this there is reason to 
conclude that the urinary calculi of the rhinoceros must in their 
constitution resemble those of the horse. 


CHAPTER II. • 

GOUTY CONCRETIONS. 

r 

Concretions bccasion'ally make their appearance in the joints 
oY those persons who have long laboured under gout. From the 
colour and softness of fhese concretions fhey were distinguished 

* Phil. Trans. 1798^ p. 15. f Ibid. 1808, p. 236. 

t Ann. dw Mus. d’Hist. Nat. iv. p. 338. § Phil. Trans. 1808, p. 234. 
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by the name of chalk, stmes. They are usually small, though it 
is stated by Se^dtinus that they have been observed as large'lui 
an egg. It had long Seen the opinion of physicians, founded up¬ 
on an alternation observed between the parcfscysms of gout and 
the passage of gravel in the urine, that these concretions were si¬ 
milar to urinary talculi. ftence, after the discovery of urie aci^ 
by Schcclc, it was usual to cons^er fhe gouty chalk stones as 
concretions of that acid. They were first subjected to^ chemi¬ 
cal analysis by Dr Wollaston in 1797, wh(rtbun^ them compos¬ 
ed of uric acid and soda. ’ * 

Gouty concretions^re soft and friable. Cold ^ater Sfts litHe 
effect on them, but boiling water dissolved a smsfll portion. If 
an acid be added to tliis solution, small crystals of uric acid are 
gradually deposited on the sides of the vessel containing the so¬ 
lution. They arc completely soluble in potash when the action 
of the alkaline solution is assisted by heat. 

When they are treated with dilute sulphuric acid or with mu¬ 
riatic acid, the soda is separated, but the uric acid remains, and 
may be separated by the filtre. When the liquid is evaporated 
it yields crystals of sul 2 >hate of soda or of common salt, accord¬ 
ing to the nature of the acid employed. The residuum possess¬ 
es all the characters of uric acid. 

When uric acid, soda, and a little warm water are triturated 
together, a mass is formed, which, after the surplus of soda is 
washed off, possesses the chemical properties of gouty concre¬ 
tions.* 


CHAPTER III. 

SALIVARY CONCRETIONS. 

• 

Small concretions occasionally occur in the salivary gland^ 
especially the parotid and sublinguaj. These.calculi were first 
subjected to a chemical examination* by Dr Wollaston, w\jo 
found them composed of phosphate o^ lime, associated with a 
membranous substance. Fourcroy’s ang-lysis gave the same re¬ 
sult. A small salivary concretion which I examined was com¬ 
posed of phosphate of lime united to a membranous Substance, 

• Wollaston, Phil. Trans. 1797, p. 386. 
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which retained the shape of the concretion after the solution of 
the phosphate of lime. In a salivary concretion Weighing one and 
a-half grain, examined by Dr Bostock,the whole consisted of phos¬ 
phate of limej except a few films of matter, which was consider¬ 
ed as cdkgulated albumen.** In 1827, a salivary concretion was 
fiubjerted to 'a chemical analysis by M. Lecanmf It weighed 
7 grains, had an ovoid shhpe,^ was slightly wrinkled on the sur¬ 
face, and was composed of two distinct concentric laminae, the 
innermost of Which was hard, compact, and gray, while the outer¬ 
most was friable and perfectly white. Its constituents were. 


* Phorphate of lime. 

75 

'Carbonate of lime. 

20 

Animal matter and loss, . 

5 


100 * 

Ijaugier had previously found some carbonate of magnesia in 

a salivary concretion. ' But no traces of that earth could be 
found in^the concretion analyzed by Lecanu. 

2. M. Lassaigne, in 1821, examined a 

salivary concretion 

from a horse.| It was an elongated ellipsoid ; and was compos¬ 
ed of concentric coats, all seemingly of the same nature. Its 

constituents were found to be. 


Carbonate of lime. 

84 

Phosphate of lime. 

3 

Animal matter. 

9 

Water, 

3 


99 

In 1828, M. Henry, Junior, analyzed a salivary concretion 
taken from the anterior, jaw of a horse ten years of age.§ It 
consisted of four distiiVct portions,' and was accompanied by a 
number of others about the size of a pea, all near the molar 
teeth and along4he zigomatic apophysis. It was ovoid, formed 
)oy the union of four distinct portions, each of which was cylin- 
<J,rical and about an inch' and a-half in length. It was smooth, 
whitish externally, and, as it were, polished, internally very 
w'hit^ but with sanguiij^eous spots. It was very hard and form- 

• Nicbofpon’B Jour. xiii. p. 874. t Jour, de Pbarin. xiii. p. 626. 

t Ann. de. China, etde Phys. adx. p. 174. § Jour, de Pharmacie, xi. p. 465. 
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ed of concentric layers, very distinct, but having the same co¬ 
lour. It had £P hucleus, in the centre of which was a small piece 
of dog-grass, round which, in all prohahility, the concretion had 
formed. It had no taste, hut a disagreeable fcetid smell. Its 
specific gravity was 2*209. Its constituents, accordiil^ to the 
analysis of M. Hfenry, wer^ * 


Carbonate of lime, .* 

85*52 

Carbonate of magnesia. 

7*56, 

Phosphate of lime, . •. 

, 4*40 . 

Phosphate of magnesia, trace. 


Common sail, . . • 

•0*04 • • 

Organic matter and loss, .• 

•2*48 

• • 

• 

100*00* 


3. In 182^ M. Lassaigne analyzed a salivary concretion tak¬ 
en from the duct of the parotid gland of an ass, and remarkable 
for its large size.* It was as big as the*fist, its shape was ovoid, 
its surface smooth and white. Its hardness was about *the same 
as that of marble, and its weight 620 grammes, or very nearly 
I lb. 6 oz. avoirdupois. Its specific gravity was 2*302, 

Its constituents, as determined by the analysis of Lassaigne, 
were. 

Water, .... 3*6 

Soluble principles of saliva; soda, animal matter, soluble I i 

in alcohol, chloride of calcium, sulphate of lime, &c. / 

Mucus, . • . . 6*4 

Phosphate of lime with trace of iron, * . 3 ^ 

Carbonate of lime, . . , .• g 5.1 

99*k 

From this analysis it appears that thb salivary concretion of 
the ass agrees very nearly \fith that from the horse, previously 
examined by M. Lassaigne, and stated above. • 

4. To M. Lassaigne, also, we are, indebted for the chemical 
analysis of S, salivary concretion from a cow. It was white, har^J, 
capable of being polished, about the mz^ of a pigeon’s egg, and 
its nucleus was an oat* seed. It conast^d of carbonate of lime 
mixed with a little phosphate of lime and some animal matter, f 

5. M. Vauquelin, in 1817, analyzed a concretion fotind in the 

» Ann. de Chim. et de Phys. xxx, p. 332. t Ibid. ix. p. 826. 
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maxillary gland of an elephant which died in the Museum of 
Natural History in Paria* It was white, had st iamellated tex¬ 
ture, with some few crystals conastlng of regular tetrahedrons. 

, Several such' calculi were found in the gland; some of them 
having ati oat seed as a nucleus. They consisted chiefly of car- 
bonatoiof limi^, hut contained also phosphate df lime and some 
animal matter, which performed the part of a cement 


CHAPTER IV. 

^ I I ’ 

• BILIARY CONCRETIONS. 

Hard bodies sometimes form in the gall-bladder, and in their 
passage through the hepatic duct, being too large for the capacity 
of that canal, stop up the passage altogether. These concretions 
got the name of biliary calculi or gall-stones. They had drawn 
the partic'dlar attention of anatomists, and in 1795 Soemmering 
published £,n excellent monograph on the subjectf Poulletier 
de la Salle discovered the existence of cholesterin in human bi¬ 
liary calculi, and in 1785 Fourcroy examined a great number, 
in order to determine whether they were all of the same nature, 
or whether, like urinary caleuli, they were not occasionally com¬ 
posed of different constituents. The investigation was resumed 
by Thenard in 1806, while oecupied with the analysis of bile. 
He examined gall-stones from oxen and from man.^; Several 
gall-stones were analyzed by John in 1811, by Vogel in 1820, 
by Lassaigne in 1826, by Joyeux in 1827, and by Bally and 
Henry, Junior, in 1830. 

Biliary calculi, as far as they have been examined, may be ar¬ 
ranged under the four different classes. 

1, The first kind have a white coiour, a Iamellated strueture, 
and a brilliant ci^staUine appearance. They are composed of 
cholesterin. They are generally ovoid, and of the size of a spar¬ 
row’s egg. Such specimens as I have seen had a yellowish sur¬ 
face, but internally were white. In general only one is found 
in the gall-bladder at the same time; though to this rule seve¬ 
ral exceptions exist 

* Jour, de Pharm. iii. p. 208. 

t De concrementis biKarih corporis htimani. | Mem. d’Arcueil, i. p. 59. 



BILIARY CONCREfIONS. 3^5 

\ 

m 

2. The second Rind are polygonal, because a number of tliem 

exist in the gallbladder at the same time, which causes them to 
affect each others sliape. Externally they have a covering com¬ 
posed of thin concentric layers; within, a matter dither crystal¬ 
lized, or having the appearance oi coagulate<l honeyt They 
consist of cholesterin mixed" with some choleic acid, prob£|J)ly i# 
little modified in its nature. They vary considerably in their 
specific gravity: one examined by Br Bostock had a specific gra¬ 
vity of 0*900* The mean specific gravity^ of six* whiclj, I ana¬ 
lyzed was I'Odi ; and they all sunk in water. • • 

These calculi, in thetr composition, differ.but little from the 
last species, since they consist almost entirely of oholesterin. In 
six gall-stones which I analyzed, this matter amounted to at 
least aSths of tii^ whole. JThe residue w'as a reddish-biown sub¬ 
stance insol ub]e in alcohol. Nitric acid dissolved it readily, and 
formed a pink-coloured liquid, from which ammonia threw down 
no precipitate. Pm*e potash ley dissolved most of it readily when 
assisted by heat. From the solution, muriatic acid tlftbw down 
a dark-green matter, which had a bitter taste, dissolv^ in alco¬ 
hol, melted when heated, and exhibited most of the properties of 
choleic acid, The residue, insoluble in potash, was in grey 
fiakes, and resembled albumen in such of its properties as could 
be traced. But as it never exceeded ^th of a grain, it was not 
possible to ascertain its nature with precision. 

3. The third kind have a brown colour, and an irregular shape. 

They arc composed of inspissated bile. They are much more 
common in the gall-bladders of the inferior Rnimals than in tliqj; 
of man. • 

4. The fourth kind comprehends those gall-stones which do 
not flame, but gradually waste away at a red heat Very little 
is accurately known respectiiSg this kind of calculus. Dr Saun-* 
ders tells us that he has met with some gall-stones insoluble both 
in alcohol and oil of turpentine; some of which do not flame, but 
become red, and consume to an ash like a charcoabt Hallei* 
quotes severftl examples of similar calctili.| Probably they do 
not differ from the third kind. Two calculi of this kind, very 
different in their competition, described jnd analyzed by Orfila 
and Bally, and Henry, Junior, will be noticed below. 

In 1820, M. Vogel examined a human biliary calcul^is of un- 

* Nicholson’s Jour. iv. p. 136. t On the Liver, p, 112. 

J Physiol, vi. p. 567. 
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commoii size, passed by stool. It weighed I47'66 grains, and 
was as big as a nut. It was soft, had a greai^' feel, and gave a 
yellow powder. Its specific gravity was 0*912. It had no sen¬ 
sible nucleus, and internally consisted of crystalline laminsR, hav¬ 
ing a yellow colqur. It consisted chiefly of cholesterin; but con- 
lMine4,a little yellowish-brown matter, which became green when 
treated with muriatic acid;* 

In 1827, M. Joyeux analyzed two human biliary calculi also 
emitted by stool. The first was spherical and of the size of a 
nut. It was lighter than water, and had no sensible smell. It 
burnt wiCh a lively ^ame. Its surface wats sprinkled with wliiU' 
spots, which, when viewed under a glass, had a soapy appearance. 
This calculus consisted of two distinct concentric layers: the ex¬ 
ternal had a brown colour, and was about a line thick, and was 
composed of crystalline plates. The second layer twas two lines 
thick, had a deep-brown colour, and its crystalline texture was 
less apparent. In the centre was a nucleus of six lines in dia* 


meter. It was lighter coloured than the concentric coats. 

was comp<^^ of white shining plates. It 

was composed of. 

Cholesterin, ^ 

80 

Yellow matter of bile. 

8 

Carbonate of lime. 

6 

Sulphate of Soda, 

Oxide of iron, > 

6 

Bile, . ) 


100 

The concentric layers were composed of. 

Cholesterin, 

76 

Yellow matter. 

20 

Bile, . *14 

a Sulphate of soda andr loss, / 

i 

100 

The nucleus was composed of. 

‘V 

Cholesterin, 

84 

Yellow matter. 

12 

BUe, . . } 

1 4 


Sulphate of soda and loss. 


loot 

f Ibid. xiii. 550. 


* Jour, de Pharih. yi. 215. 
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The second calcuFlis^had the size of a pigeon’s egg. It weighed 
92*6 grains; and* was lighter than wateiT* It was covered by»a 
brown envelope, which broke by the smallest concussion. It was 
formed of various concentric layers which had a gfcenish-yellow 
colour, and which covered a nucleu^f inspissates^ bile. • Its con¬ 
stituents were, • * • • 

Cholesterin, • 4 

Yellow matter of 6ile, . 70 

Choleic acid, . • 6 • 

• Bile, . . . ^ 

, Greenit^sin, . • 

Phosphate of lime and magnesia, 3* 

Oxide of iron and loss, . 4 


100 ^ 


Tins calculus belonged obviously to the third class of gall¬ 
stones. • 

In 1830, MM, Bally and Henry, Junior, analyzed a ^all-stone 
of quite a different nature from the preceding, and ^mingly 
belonging to the fourth set of biliary calculi first noticed by Dr 
Saunders. It was found in the gall-bladder of a patient who 
died in the Hotel-Dieu of Paris. It was of the size of a hazel¬ 
nut, had an ovoid sliape, a white colour, and a soft consistence. 
Its granular texture exhibited two or three points as if petrified, 
which, when viewed under the microscope, exhibited a distinct 
crystallization. It was destitute of smell, and heavier than 
water. When heated, it was charred witbo&t flame, and gr% 
dually consumed, leaving a residue of carbonate and phosphate 
of lime. Its constituents were. 


Mucus or albumen. 

10*81 

Carbonate of lime, .* . • . 

72*70 * 

Carbonate of magnesia, trace.^ 

• 

Phosphate of lime, . . » 

13*51 

Oxide of iron, fat, and colouring;^ matter, . 

2*98 • 

A • ^ _ 

100*001 * 


very different in its constitution, had been described by Orfila in 


* Jour, de Pharmacie, xiii. 550. 


t Ibid. xvi. 196. 
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1812.* It was of the size of a nutmeg. It waS deep-green, and 
its surface was smooth and shining. It burnt away without flam¬ 
ing, giving out a smell like that of horn. It gave a yellow colour 
^ to water, was ][)artly soluble in alcohol, and partly in caustic po¬ 
tash. The portion dissolved by water was picromel, that dissolv¬ 
ed by alcohol'was green matter of bile, and that dissolved by 
caustic potash was the yellow matter of bile. 

The experiments hitherto made upon the gall-stones of the 
infcrior.animals are not numerous. Those of oxen, according to 
Tiieuard, are always yellow, and consist of the yellow matter of 
bile, mhe^d with minute traces of bile, which may be sej)aratcd 
by water. When thus washed, they are tasteless, and insoluble 
in water and alcohol. They are used by ])ainters, though the 
^ colour is hot permanent but soon changes into brown. | 

In 1826, M. Lassaigne gave an account of a gall-stone ex¬ 
tracted from a sow.J It was composed of, 

C^holesterin, ^ . . . 6* 

"VvHiite resin, . . . 44*95 

Bile, ^ . . . . 3*60 

Animal matter and green resin altered, 45*45 


lOOOO 

This constitutes the only example hitlierto discovered of a gall¬ 
stone of an inferior animal containing cholesterin. 


CHAPTEIl V. 

OF OSSIFICATIONS. 

The concretions which make their appearance in tfie solids of 
the airmal body may be comprehended under this name, because 
they have all a<close resemblance to bone, being composed of 
similar constituents. The following are the most remarkable of 
these concretions. 

1. Pineal cmcratians ,—^It is well-known to anatomists that 
small concretions like sand are often found lodged in that part 
of the brain called the •pineal gland. It was suspected from ana- 

* Ann. de Cbira. Ixxxiv* 34. f Mnm. d’Arcueil, i. 59. 

^ Anil, de Chim. et de Phys. xxxi. 220. 

4 
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logy, that they (jbnsisted chiefly of phosphate of lime, and Dr ^ 
Wollaston'proved the truth of this opinion by a chemical analy¬ 
sis in 1797.* He dissolved some of the sand in nitric acid, and 
evaporated the solution. Small needleform crystals of phosphate ^ 
of lime made their appearance. • , • ^ 

M. Lassaignc-aiialyzed fl concretion from the brtiin of fnliorsdl 
It was white, slightly soft, and of the «ize of a nut. Boiling al¬ 
cohol extracted from it a Uttle cholesterin. The insoluble por¬ 
tion, constituting the greatest portion of the concretion, •consist¬ 
ed of alburach and phosphate of lime. *!• • • 

2. Ihtlm(ntart/ cmiqfftians .—It is well kngwn that tc^ieretioos 
are occasionafly coughed up from the lungs. They are usually 
enveloped in mucus, and sometimes accompanied hy l^lood, and 
sometimes not, ^ They npiy appear without any co*nsumptive *• 
tendency. .\n instance of this is given by Dr Prout f I ex¬ 
amined several of these concretions coughed up by a consurap- 
tivo [)erson, and found them composed of phosphate of lime united 
to a thick membranous substance, which retained the lbi*m of the 
concretion. The same result had been obtained longi before by 
Fourcroy.§ Dr Henry examined ^vcral, and found their con¬ 
stitution the same as 1 had done. Mr Crampton examined one 
which he assures us was composed of, 

Carbonate of lime, . 82 

Animal matter and water, 18 

\ 00 \\ 

One of these concretions examined by Dr Prout consisted chie^- 
of phosphate of lime, with some carbonate of lime, and*an animal 
matter which retained the size and shape of the concretion after 
the earthy matter has been removed by an acid.f , 

These concretions, so far as I have seen them, are all small; 
sometimes not larger than a ^nn-h^d, and hardly ever rdkchitig 
the size of a pea. They must be deposited in the bronchise or 
in the air-cells of the lungs. , 

A concrefion examined by Lassaigne, and found in the 
sentcry of a bull attacked with phthisis, .consisted of phosphate 
of lime mixed with a little carbonate. ** % 

* Phil. Trans. 1797, p. 386. f Ann. dc Chino, ct de Pl^ys. ix. 827. 

I Annals of Philosophy, xiv. 232. § Ann. de Cbim. xvi. 91. 

II Phil. Mag. xiiL 287. ^ Annals of Philosophy, xiv. 233. 

•* Ann, de Chim. et de Phys. ix. 328. 
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Lassaigne examined some pulmonary concretions taken from 
the lungs of a cow labouring under Phthisis puhmmtlis. They 
had the form of small white grains, very hard, and united toge- 
, thcr by a mucous membrane. They consisted of phosphate of 
lime, misted with a little carbonate, and deposited in the mem- 
Ift’ane.? ' “ 

3. Hepatic concretions.-^THhQ liver also is sometimes full of si¬ 
milar bodies. The shape of the hepatic concretions, as far as 
my observations go, is more irregular, and 1 have seen them of 
greater size than the pulmonary concretions. By my analysis, 
they are Compoiled of pbospliate of lime and a tough animal mem¬ 
branous matter.' *• 

4. Cfmqretiom in the prostate, —From the experiments of Dr 
' Wollaston we learn that the concretions which,sometimes form 

in the prostate gland ha'^e phosphate of lime for tlvjir basis. 

5. Concretions in the lachrymal sack ,—^According to Fourcroy 
- these concretions, which are very rare, consist of phosphate of 

lime cemented by a gelatinous matter.f 


CHAPTER VI. 

OF INTESTINAL CONCRETIONS. 

Concretions of very considerable size are occasionally found 
lodged in the stomach and intestines; seldom indeed in the hu¬ 
man body; but more firequently in some of the inferior animals. 
Some of these bodies have acquired great celebrity under the 
name of bezoars. It will be proper to state, in the first place, the 
facts ascertained respecting concretions found in the human in¬ 
testines. ^ ^ 

Dr Monro secundus, while Professor of Anatomy in the Uni¬ 
versity of Edinburgh, made a pretty large collection of intestinal 
fiuman calculi, which are still preserved in' the Museum of the 
Anatomy Class. There are a few similar ones among the collec¬ 
tion of calculi in the Hunterian Museum of Gla^ow, and Dr 

Marcet informs us that-Dr Bostock showed him a similar con- 
% 

* Ann. d" Chim. et de Pbys. ix. 328. 

f Mem. dc rinstitut. T. iv. as quoted l>y John, Tabclleu den Thierreichs,^. 46. 
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cretion voided by a labouring man in Lancashira* These con¬ 
cretions on tb^,outs*de are covered with a thin, whitish, smooth, 
earthy crust, but when cut open they exhibit a velvety, com¬ 
pact, brownish surface, alternating with concentric laminae of the 
white earthy substance. The white laminae consist of,a mixture? 
of phosphate of Jime and ammonia-phosphate of qiagnesia. TJ^c 
vSlvcty substance resists the action,of chemical reagents, and 
burns with the smell of straw. ^)r Wollaston, by a microscopic 
examination of it, found that it consisted ^of the^minnte needles 
or beards which are seen constituting a small brush upon t|ie^oat 
seed when deprive(^ its husk. It is obvioug frgnj this that 
these concretions can only be formed in^ file intestines of those 
persons who use oatmeal fts an article of food. Dr Monro used 
to state in his lectures that when these concretions reached a ccr-v 
tain size thc^ blocked up* the intestine^ and proved fatal. 

In the Tendon and Edinburgh Journal of Medical Science for 
September 1841, there is a very interesting case of a man aged 
41, who passed fourteen large intestinal concretions •similar to 
those in Dr Monro’s collection, together with an excellent and 
instructive analysis of them by Dr Douglas Maclagan of Edin¬ 
burgh. 

In 1829, M. Colombot, a physician at Chaumont, sent to the 
Academy of Medicine of Paris, an account of several intestinal 
calculi voided by stool and of a peculiar kind. M. Caventou re¬ 
ceived from M. Bourdois other intestinal calculi of the same 
kind, and subjected them to a chemical examination. When 
voided they were light, greenish, and traiwslucent, without any 
regular shape but of a considerable size. When kept for a fort¬ 
night in a box they became opaque, grayish white, and exhaled 
the smell of rancid butter; they reddened tincture of litmus. Hot 
alcohol dissolved them immediately Uni left empty vesicles, in 
which the matter dissolved Ij^id been conhiined. The portion dis¬ 
solved possessed the characters of stcarin.f Lassaigne tiad long 
before examined intestinal concretions containing a great quai- 
tity of stearin ; but they differed froWthosc examined by Caveii- 
tou in wanting the membranous cyst in which the stearin \fas 
confined.^ • • 

Fourcroy and Vauquelin analyzed a •great number of intesti- 

• Marcel’s Essay, p. 129. 

* Ibid. p. 184. 


t Jonr. de Phann. xv. 73. • 
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nal concretions or bezoars, as they have been.;termed. * They 
have divided them into the seven following spcjjpips, which they 
have named from the constituents of the respective concretions: 

1. Superphosphate of lime, 4. Biliary. 

2. Phosphate of magnesia. 5. Resinous. 

^ 3. Ammonia-phosphate of 6. Fungous. 

magnesia. 7. Hairy, 

1. Svperphosphate of lime,— intestinal concretions belong¬ 
ing to this species are composed of concentric layers, easily se¬ 
parable from each other and very brittle. They redden vegeta¬ 
ble blues, and ^.are partially soluble in wit^r. The layers are 
unequally thick, and differ in their colour, f They were found 
in the intestines of different mammalia. 

, 2. Phosphate of magnesia, —These concretions are uncommon. 

They are semitransparent, and have usually a yellowish colour. 
Their specific gravity is 2*160. They are formed of layei*8 less 
numerous, and not so easily separated as those of the preceding 
species. | •. 

3. Phosphate of ammonia and magnesia, —This species is the 
most common of the intestinal concretions. Its colour is gray 
or brown, and it is composed of crystals diverging like rays from 
a centre. It has some resemblance to calcareous spar. It con¬ 
tains abundance of animal matter. This species occurs frequent¬ 
ly in the intestines of herbivorous animab, as the horse, the ele¬ 
phant, &c. 

4. Biliary, —This is a species of concretion found frequently 
in the Intestines of o.;en, and likewise in their gall-bladder, and 
eifiployed by painters as an orange-yellow pigment Its colour 
is reddish-brown. It is not composed of layers but is merely a 
coagulated masEf, and appears to be but little different from the 
matter of bile. When hbated it melts. It dissolves readily in 
alkalies. Alcohol dissolves it partially, and acquires a very bit¬ 
ter taste!. § 

< This species has been already noticed while treating of biliary 
calculi, to which in reality it belongs. 

^5. Resimus ,—To this species belong many of the oriental be- 
zoars, fprmerly so celebrated, obtained from the intestines of 
animals with which we are unacquainted. They are fusible and 

* Ann. dt Mus. d’Hist Nat iv. 331. 

t Rnd. iv. 332. 


t Ibid. i. 102, and iv. 831. 
§ Ibid. iv. 3da 
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combustible, composed of concentric layers, smooth, soft, and 
finely polishe(i« Fourcroy and Vau^uelin have distinguisbed • 
two varieties; the first of a pale-green colour, a slightly bitter 
taste, almost completely volatile; giving by^ heat* a solid tenaci¬ 
ous matter, soluble in alcohol, an^ separating in crystals as the* 
solution cools. .This matter consists partly of f)ile, partlj of r®- * 
sin. The second variety has a brown or violet colour; its taste 
is not bitter; it docs not dissolifiS in alcohol, but is soluble in 
alkalies. The solution becomes purple-rejl when.allo^ed to dry 
in the open hir. When distilled it yields a yellow sublimgte, 
having the smell an^ 4aste of soot, and insoluble in viiat^]^ and^al- 
cohoLf * •* . . 

6. Fungous, —This spefhles consists of concretions composed of 
pieces of the Bolptus igniariuSi disposed in layers, aiAl cemente(k». 
by an animal matter. I'liese pieces had been doubtless swal¬ 
lowed by the animals in whose intestines they were foun^. J 

7. Hairy, —Balls of hair felted tcjgether, sometimes pure, 
sometimes covered with animal matter, and sometimeamixed with 
vegetable remains, occur very frequently in the ii^te^ines of ani¬ 
mals. t 

* • 

8. IJgniform. —This eighth species must be added in conse¬ 
quence of the experiments of Berthollet Among the presents 
sent to Bonaparte by the King of Persia were three bezoars, which 
were consigned to Berthollct for analyas. They all belonged 
to this species. They had an oval shape, and a very smooth sur¬ 
face. Their coloiu* externally was greenish-black, internally 
brown. They were formed of irregular concentric layers. In 
the centre of one was found a collection of straws apd other ve¬ 
getable fragments; in that of the other, small pieces of wood 
about the size of a pin. Their specific gravity was 1*463. They 
were insoluble in water, alcohol, and cliluted muriatic acid. Po¬ 
tash ley dissolved them readily, and they were thrown ^own un¬ 
altered by muriatic acid. When distilled th^y yielded the pro¬ 
ducts of wood, and left a quantity of charcoal in the retort, which, 
when inclherated, gave traces of sulphate df soda, muriate of 
soda, lime, and silica. Thus it appears that they possessed all 
the properties of pui% woody fibre. "Piey must have been form¬ 
ed in the stomach of the animals, and not in the alimentary canal.§ 

* Anil. d« Muo. d’Hist. Nat. iv. 334. t Ibid. 335. * f Ibid. 336. 

§ Mem. d'Arcucil, ii. 48. 
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To these intestmal concretions may be added one found in a 
sdrrhus situated in the meso-colon (an organ ^ connected with 
the large intestines) of a mare, and examined by Lassaigne. It 
was yellowish^ greasy to the feel, had the odour of rancid oil, 
and strongly stained blotting-paper. It was a mixture of albu- 
ipcn and a peculiar matter, consisting partly of^cholesterin, and 
partly of a white substance, crystallizing in needles, and redden¬ 
ing vegetable blues. When tMs concretion was calcined it yield¬ 
ed phosphate ^d carbonate of lime.* 

Jn.the year 1827, 1 received from Dr Vallancc of Strathaven 
a very lajj^ge intestinal calculus from a house. When taken out 
it weighed above four troy pouuds, or very nearly five pounds and 
a-half avoirdupibis. It measured 20' inches round its greatest 
.circumference, and 18 inches round its lesser. When cut 
through the centre, it exhibited a set of concentric layers of the 
husk of oats, mixed with some straws and hay. Tliese layers 
were separated from each other by thinner white layers, consist¬ 
ing chiefly.of subsesquiphosphate of lime. In the centre of the 
calculus there was a little piece of hard stone, which seems to 
have served as a nucleus. 

This calculus had a specific gravity of 1*609. When dried 
on the steam-bath, it lost 35*22 per cent of its weight. A por¬ 
tion thus dried being subjected to analysis was found composed 
as follows: 


Lost by ignition. 

40*731 

Phosphate of lime. 

41*01 

Carbonate of lime. 

0*41 

Carbonate of magnesia. 

5*28 

Carbonate of potash. 

2*32 

Earthy insoluble matter. 

9*80 


99*55 


M. Girardin analyzed in 1840 an intestinal concretion from a 
horse.^ The horse belonged to a miller, who lost five horses in 
a short time, in all-of which* many intestinal concretions were 
found. The horses were fed with bran; and M. Lassaigne had 

observed, that several asses which had been fed with bran had 

. 

* Ann. de Chim. et de Phys. ix. 329. 

t This loss >^as occasioned by burning the oat beards and the hay and straw 
visible in the calculus. 

J Jour, de Pbaran. xxvi. 420. 
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died from intestinal concretions composed of ammonia-phosphate 
of magnesia. • • * ^ 

The calculus analyzed by Girardin was triangular with its 
edges and surface smoothed; showing that it had*existed along 
with other calculi in the intestines.^ It was of the size pf a large • 
apple. It weighed 311 grammes. Its texture* w|is crystalling 
its*colour brown, and its specific gravity 1*741. Its constituents 
were, •* 

Water, . . • . • * 

Ammoiihi-phosphate of magnesia, . 4§*0, ^ 

Phosphate of liigaa, . . • * • J§‘0 

Animal matter, insoluble in acid and,water^ . 0*8 , 

Matters soluble in wsfter,* , . 6*6 

Extractive soluble in alcohol,f . . *, 4*0 ^ 

Fatty matter, . ... .7*0 

, 99-4 

M. Schwerkcrt, apothecary in Dingelstadt, has alsoi given an 
account of an ammonia-phosphate of magnesia calculus found 
after death in the caecum of a horse.^ 

There are four calcidi in the Ifunterian collection in Glas¬ 
gow composed of lithofellic add. They are oval-shaped, and 
composed of concentric layers. The largest is about two inches 
in length and one inch in thickness, and weighs about 320 grains. 
One of these calculi has for a nucleus a date-stone; the nucleus 
of another is a vegetable substance resembling matted hair. 
Hence they would seem to be intestinal conaretions of some in¬ 
ferior animal,—^probably bezoars. • 


DIVISION III. 

OF THE FUNCTIONS OF ANIMALS. • 

• • • • 

-tf 

Tub object of the preceding part of this work has been to ex¬ 
hibit a view of the different substances wiiich enter into the com¬ 
position of animals, as far as the present limited state of our 

* Albuminate of soda, common salt, alkaline sulphates, salts af lime and 
magnesia. 

t With common salt, salts of magnesia, and fatty matter. 

Ann. der Pharm. xxxvii. 200. ^ 
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knowledge puts it in our power. But were ^ur inquiries con¬ 
cerning animals condned to the mere ingredients- of which their 
bodies are composed, even supposing the analysis as complete as 
possible, our knowledge of the nature and properties of animals 
would be imperfect indeed. , 

c How are these substances arranged ? How are they produced ? 
What pmrposes do they serve ? What are the distinguishing pro¬ 
perties of animals, and the laws by which they arc regulated. 

AnimAls resemble vegetables in the complexness of their struc¬ 
ture Like them, they are machines nicely adaptbd for particu¬ 
lar purposes, constituting one whole, and?cr»ntinually performing 
an infinite number of the most delicate processes. But neither 
an account of the structures of animulS, nor of the properties which 
distinguish them from other beings, will be expected here: these 
topics belong entirely tc the anatomist and physiologist I mean 
in the present Division to take a view of those processes only that 
are concerned in the production of animal substances, which alone 
properly’belong to Chemistry. The other functions are regu¬ 
lated by laws of a very different nature, which have no resem¬ 
blance or analogy to the laws of Chemistry or Mechanics. 


CHAPTER I. 

OF DIGESTION. 

Every living befng constitutes a complicated machine, com¬ 
posed of a, great variety of parts, all of which conspire to produce 
certain ends calculated for the benefit of the whole. The waste 
which is continually going on is repaired by the conversion of 
the food into all the difierent substances which make up the whole 
of the fiving structure. This extrc-ordinary but necessary pro¬ 
cess is distinguished by the name of digestion. 

In man and the larger animals the food passes through a num¬ 
ber of tubes or canali^ stnd gradually during the bourse of its 
progress assumes the form of blood. This blood circulates through 
appropriate vessels, and supplies the waste of every organ in the 
body. Bony matter for the bones, muscular matter for the 
muscles, .nervous matter for the brain, &c. or it passes through 
certain tubes, constituting the matter of which glands arc com¬ 
posed, and during its progress it is converted into the various se- 
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cretions, useful or»indispensable for the animal economy. In this 
way are forme(^ Jhe ^minal fluid of the male, the milk of the fe¬ 
male destined for the nourishment of the offspring; and in this 
way are formed the saliva, the bile, the pancreatic»juice, the mu¬ 
cous matter which lines the cavities of tlie body, and al] the dif- • 
ferent secretions ^so indispensable for the use of the Jiving anima^ 

How these changes arc induced has Jiitherto eluded the utmost 
sagacity of physiologists. But, iff man and the greater number 
of animals, the agency of the nervous filaments w^ich are sprexid 
through all tlfe essential organs of the body, is indispcns£il4^* 
Accordingly, when thijsc nerves are cut or diseq^ed^ tjjc organ 
which they si<J)ply ceases to perform any o^ ils functions. Hence 
in man and in most animafe, we may say that the nervous ener¬ 
gy, whatever it may be, constitutes the indispensable ^art of the , 
living structure.* Yet it dannot be maintained that life cannot 
exist without *iierves; iov plants are undoubtedly living beings. 
They require food and digest it, just as ^animals do ; and the di¬ 
gested food is afterwards applied to all the purposes oi secretion 
and assimilation, just as in animals. Yet nothing like nervous 
structure has ever been observed in vegetables; nor is there the 
least reason for supposing them supplied with nerves. 

The digestion of food, or the conversion of it into blood, though 
we arc utterly incapable of imitating it by artifleial processes, |is 
purely a chcmiciil process. We can only expect to learn the 
contrivances which nature follows in it by investigating the dif¬ 
ferent changes which the food undergoes as it passes in succes¬ 
sion through the different organs employed«in digestion, and by 
ascertaining the chemical nature of the different substances which 
are employed in the successive steps by which the food is con¬ 
verted into blood. 

Let us then examine in succession th^ changes which the food 
undergoes, and the liquids gnployed in producing these ^hanges. 
We must confine ourselves chieflj to the human species, though 
• a very great proportion of the facts which have been acquired 
were obtained by experimenting upcfh4he inferior animals, jiar- 
ticularly dogs, whose food and whose organs of digestion beai^a 
close resemblance to those of the human body. 

The food of man is of two kinds, par^y animal and partly ve¬ 
getable ; and the structure of his teeth shows that nature intend¬ 
ed him to make use of both. The vegetable substances which 
answer best for food are, sugar, gum, and starch. And, as h^s 
Jieen well observed by Dr Prout, those vegetable substances are 



588 FUNCMONS OF ANIMALS. 

/ • 

the most nutritious ^rbich contain all the three mixed in the re¬ 
quisite proportions. None of the three Are q^en exhibited by 
nature in a state of purity. They are extricated from various 
plants by artificial processes, more or less intricate and laborious. 
Pure sugar was shown by Magendie not to be capable of sup- 
sporting the .life of dogs. He fed them uppn refined sugar. 
They swallowed the foo<i,with avidity, yet they became lean and 
thin, and exhibited all the symptoms of animals in a state of star¬ 
vation. * Afitjpr some weeks, ulcers broke out in the cornea, first 
of one eye and then in the other. These ulcers wont on increas¬ 
ing till 4hey penetrated the cornea, and the liquors of the eye 
were discharged by them. The dogs expired about the 32d day 
in a state of complete exhaustion.* 

It woitid have been more satisfactory had this experiment 
been made in a different manner. The dog is accustomed to 
live entirely, or nearly so, on animal food. Hence the stomach 
and intestines of these animal not being accustomed te vege¬ 
table food} might not be able all at once to digest it. It is possible 
that, had the change been induced sufficiently slowly, dogs might 
at last be brought to live upon sugar. Yet it cannot be doubt¬ 
ed, that had loaf bread been substituted for sugar, and that if 
the dogs had been allowed to cat of it ad libitum, and at the 
same time had been supplied with a sufficient quantity of water, 
the change of diet, though it might not have been relished, and 
though the animals might not have thriven on it, yet would not 
have occasioned death. The juice of the sugar cane, in which 
the sugar is mixed «with mucilage and albumen, is a nutritive ar¬ 
ticle of food. For it is said that the negroes in the West Indies 
get fat from the unrestrained use of the juice during the season 
in which raw sugar is manufactured. 

' The animal matter, which seems ;to constitute the most nutri¬ 
tious article of food, is a proper multure of gelatin, albumen, and 
fibrin, together with a certain portion of fat, as they exist in the 
flesh of a well-fed ox or sheep. 

The use of animal food alone seems to have a. tendency to 
Wring the body into an unhealthy state. As that dreadful dis¬ 
ease, the sea-scurvy, is the usual consequence of it, at least when 
the meat is salted A restriction to vegetable food docs not 
seem by ^ny means so injurious. Many persons who restricted 

• Ann. de Chim. et de Phys. iii, 60. 
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themselves to it have enjoyed good health for years. Indeed 
in some parts o&Uie world, Hindostan for example, animal food 
is abstained from on account of a religious scruple, and yet the 
inhabitants enjoy health. • 

Wheat flour seems one of [the most nourishing arjicles of 
vegetable food. Jn the northern parts of India, whgre the popu-^ 
lation live upon wheat, the inhabitants* are said to be a stouter 
and more hardy race than those Vho live in the south, where 
the food is rice. But perhaps other circuipstanc(^ besides the 
different quantity of nourishment in wheat and rice may inlervege 
to constitute this diflynence. ^ ^ 

We have a number of interesting experiments^ by Sir Astlcy 
Cooper, on the relative di^stibility of various articles of food. 

To understand the way in which these experiments w%re made, , 
it is necessary to state that the food in the stomach is dissolved 
in the gastric juice, and that the difficulty of digestion is ^consi¬ 
dered as proportional to the length of tigie which elapses before 
the food in the stomach is dissolved. If, therefore, wewput a giv¬ 
en weight of any food into the stomach of an animal, allow it to 
remain a certain time and then weigh it again, it is clear that 
the food which weighs least will te the most digestible. Sir 
Astley Cooper made his experiments on dogs. Given weights 
of the respective articles were put into the stomach of the dog. 
After a certain interval he was killed, and the proportion remain¬ 
ing undissolved in the stomach determined. Raw food and the 
lean parts only of meat were given, except when the contrary is 
expressed; 


Experiment 1st. 


Kind of food. 

Form. 

Quantity. 

Animal kil> 

Loss by di¬ 




led after. 

gestion. 

Pork, 

Long and narrow. 

100 

1 hour. 

10 

Muttof'. 

Do. ® 

100 • 

Do. 

9 • 

Vi*al, 

Do. 

100 

Do. 

4 

b .df. 

Do. • 

• 100 

Do. 

• 0 


Experiment 2d. 

• 


Mutton, 

Long and narrow. 

100 

2 hours. 

46 • 

Beef, *. 

Do. 

!)«. 

Do. 

34 

Veal, 

Do. 

Do. 

Do. 

80 a 

Pork, 

Do. 

Do. 

• 

Do. 

20 


Experiment 3d^, 



Pork, 

Ivong and narrow. 

100 

3 hours. 

98 

Mutton, 

Do. 

Do. 

Do. 

87 

Beef, 

Do. 

Do. 

Do. • 

87 

Veal, 

Do. 

Do. 

Do. 

46 
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Experiment 4th. « 

Kind of Food. Form. Quantity. ' Auiputl kil- Lo>iS by 

* led after digestion. 


Pork, 


Long and narrow. 

100 

4 hours. 

100 

Mutton, 


Do. 

Do. 

Do. 

94 

Beef, 

• 

' Do. 

Do. 

Do. 

75 

Veal,* 

• « 

Do. « 

Do. 

Do. 

69 

a 

4 

V 

Experiment 5th. 

i 


Cheese. 

9 

Squard. 

100 

4 hours. 

76 

Mutton, 

9 

Do. 

Do. 

Do. 

65 

Pork, , 

• 

Do. 

Do. 

Do. 

36 

Veal, 

i 

• Do. 

Do. 

Do. 

15 

« Beef, 

• 

Do. 

Do. 

Do." 

11 

* . 

r 

Experiment 6th. • , 

« 


r Beef, 

• ^ 

Long and narrow. 

100 

2 hours. 

0 

Rabbit, 

• 

Do. 

Ro. 

Du. 

0 

Coil fisb^ 

m 

Du. 

Do. 

Do. 

74 

r“ 


Experiment 7th. 

*. 


Cheeke, 

4 

Long and narrow. 

100 

2 huucs. 

29 

Fat, 


Do. 

Do. 

Do. 

70 


Experiment 8tli, 




100. bet;f, ■ ... 100 

100 potatoes, ... ... ... 48 

‘ ‘ Experiment 9th. 

Roast veal, Long and narrow. 100 ... 7 

Boiled do. . Do. Do. ... 80 

Experiment 10th. 

Roast veal. Long and narrow. 100 ... tl 

Boiled do. . Do. Do. ... .81 


Experiment 11 th. 


Muscle, 

9 9 9 

100 

4 hours. 

36 

Skin, 

9 9 9 

Do. 

Do. 

22 

Cartilage, 

'I'endon, 

€ 

• • • 

Do. 

Du. 

21 

• ■ • 

Do. 

Do. 

6 

Bone, ^ 

• • • 

Do. 

Do. 

5 

Fat, 

... Do. 

Experiment 12th. 

Do. 

100 

Thigh, bone, 

H.. 

noo 

3 hours. 

8 

Ditto, 

• ■ • 

Do. 

6^ hours. 

30 

Scapiila, 


*Do. 

6 hours. 

100* 


It would appear from the experiments that pork is the most 
digestible of the qpmmon maats in the stomach of tl|c dog. In 
tl^p human stomach, when weakened, the order of ^gcstibility 
seems to be mutton, beef, veal, pork. But^e must recollect that 
these articles of food were given to the dog in a raw state, while 
before they are introduced into the human stomach they have been 
either roasted or boiled. From experiments 9 and 10, it ap- 

* Dodi.1ey's Annual Register, 1823, p. 285. 
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pears that boiled #eal is more easily digested than roasted; and 
from experknent 6, lliat cod*fish is much more digestible thqn 
either beef or rabbit. From experiment 5th, it appears that 
cheese is more digestible than meat; and from experiment 7th, 
that fat is much more digestible tlmn cheese. Experiipent 8th * 
shows us that beef is more easily digested than potatoes. • 

l>r Stark made a great number of experiments on himself lie 
lived a fortnight on bread and waf^r; and found that during that 
time the weight of his body had diminishect by 3 ^bs. 'He lived 
a month on Hread, sugar, and water, and during that intaraal 
his body became ligljtar by 3^ lbs. He substituted oliy^ oil for 
the sugar; but the change producing purging apd injuring the 
health, he was obliged to* give it up. Milk being substituted, 
for the oil was found to a^ee better, though he still l^t weight. 
Bread, watcr^ and roasted goose seemed to agree with him per¬ 
fectly. He tried bread, water, and boiled beef; stewed ]ean of 
beef with gravy and water; the same \yth the addition of suet; 
flour, oil of suet, water and salt; flour, fresh buttcry» water and 
salt; yolk of eggs, suet, figs, and water; flour, qil jf marrow, 
water, and salt; bread with roasted fowl, infusion of tea and su¬ 
gar ; bread, stewed lean of beef with gravy, infusion of tea with 
sugar; bread, the fat of stewed beef with jelly, water and salt; 
bread, fat of bacon ham, infusion of tea with sugar, &c. These 
experiments he continued for more than half a year. The con- 
secjuence was the destruction of the tone of the stomach and a 
fever which speedily carried him off. Scarcely any conclusion 
can be drawn from these experiments; except the danger of per¬ 
sisting in an aliment which is particularly offensive, to the sUi- 
inach; and the necessity of varying the food if we wish to enjoy 
good health.* 

From the numerous experiments of Tiederaann and Gmeliii, ft 
seems to follow that animalhood is more easily digested Jby dogs 
than vegetabhi food.t ^ 

Every body knows that in man and all the more perfect ani¬ 
mals the fond is introduced into the* mouth, vfhere it is commi¬ 
nuted by the teeth, and mixed up into a kind of magma or pulp 
by means of the salivh, 

• The works of W. Sturk, M. D. p- 89. 

liechcrcbes Experimentahs, Phytiologiques, et Chimiques suiPla Digestion, 

. 1>. 178. 
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An account of the saliva has been given in d preceding chap¬ 
ter of this work, to which the reader is referred fcr a minute de¬ 
tail of its chemical properties. 

It is a liquid nearly colourless, somewhat viscid, and usually 
containing a few white flocks, which gradually sink to the bottom 
when the saliva is left at rest in a'* vessel. Tt is thrown into 
the mouth from the salivary glands, when it is secreted, and in 
greatest abundance during the mastication of the food. The 
whole apibunt/of it in twenty-four hours from an adult indivi¬ 
dual is about seven ounces and a-half avoirdupois.'^ 

.Humai saliva, when dried in the vacuum of an air-pump over 
sulphuric acid, leaves ?. *62 per cent of solid residue. These 1 *62 
parts contain 0*421 of the white flocks which may be considered 
as mucus. J They contain 0*528 of a matter soluble in water, but 
insoluble in alcohol of 0*863. This is the substance to which 
the name of salivin has been given, and the properties of which 
have been described in a former chapter of this volume. Its use 
in digestiem has not yet been ascertained; but, as it possesses the 
characters of a weak acid, it is highly probable that it facilitates 
the conversion of the food into chyme in the stomach. 

The 1*62 of insoluble residue contains also 0*444 of a matter 
soluble in water; but insoluble in alcohol of 0*800. This mat¬ 
ter consists chiefly of chlorides of potassium and sodium: but is 
not quite free from salivin. The residue of the 1*62 amounting 
to 0*288 is soluble both in water and in alcohol at 0*800. It 
consists chiefly of lactate of soda^ and of soda combined with mu¬ 
cus, but is not quite free from salivin. 

Thus the solid contents of healthy saliva from 100 parts of 
that liquid ar^ 

Mucus, . 0*421 

Salivin, * . ** 0*528 

Salts, . ^ 0*732 

1*681 

In this analyst, which was made by Mitcherlich, the<e is an ex- 
ce® of 0*061. 

The great use of the saliva is doubtless co lubricate the food, 
and cause it'to descend easily into the stomach; but it is proba¬ 
ble that the salivin which it contains contributes somewhat to the 
conversion of the food into chyme. Accordingly, it appears 
* Poggeudorrs Annalcn, xxvii. p. 3:20. 



593 


digestion!^ 

from tlie expcrimfliits of Eberle, Muller, and Schwann, that cer¬ 
tain articles of ^ood, when put into glns^ tubes containing Sisiliva, 
and kept at the temperature of 100®, are dissolved. This, in par¬ 
ticular, is the case with starch, which, by digestion iif saliva, is con¬ 
verted into gum and sugar. , , • 

The food thus»ground down by the teeth and ramstened J)y the 
saliva, passes along the (esophagus into the stomach, which is a 
strong membranous and muscular bag, situated in the upper 
part of the abdomen, immediately below the diaplt'agm, .and ra¬ 
ther more inclined to the left than the right side, especially whfen 
distended with food. » The innermost or villijus coat is Stiid to he 
larger than tlie other coats, and therefore to b(* wrinkled into 
folds; but this is not very*cvident on dissection, if we except the 
fold distinguishes^ by the ijame of the valve of the pylorus. 

In the stoiijach the food undergoes a farther changft, being 
converted into a kind of pap, called chyme. The foocb after 
mastication in the mouth, still retains its sensible qualities, and 
may be recognized by the colour, taste, and smell wht(?h it pos¬ 
sessed before mastication; but wlieu food is converted ipto chyme 
its sensible qualities are altered. We can no longer recognize 
the kind of food which has been taken into the mouth. This 
change of the food into chyme is the first step in the process of 
digestion—a step altogether performed by the stomach. 

It seems to follow from the observations of Dr Wilson Philip 
that in rabbits, which live entirely on vegetable food, those parts 
only of the food are changed into chyme which come in contact 
with the internal coat of the stomach. Tlils organ, in consq- 
quence of its muscular coat, appears to be in motion,^similar to 
the peristaltic motion of the intestines, during the wdiole process 
of ventricular digestion. By this motion those portions of the 
food which have been converted into chyme are pushed forwar(f 
towards the pj loric orifice, and new portions of the food (|pme in 
contact with the stomach to undergo a similar qjiange. 

From the experiments of Dr Stevens it is evident that in thd 
human stonnfiich food may be convertcd*into chyme without com¬ 
ing in contact with its innermost coat.* His experiments were 
made upon a man who^upportod himsejf by swallowing stones 
for money. He had accustomed himself to this practice from 

* fil'd bis Thesi.s De Alimentorum concoctionr, printed in Edinburgh in the 
year 1777. It was inserted in the lirst of the four volumes of theses published 
in Edinburgh by Elliot in 1786. 

• . r 
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the age of seven, and had contlni^d at it ^t>r twenty yearst 
His i^macli was so mn^h distended that he could sWallow many 
stones at once. They could not only be felt in his stomach, but 
when he struck thehypogiistric region of the abdomen they might 
by the bystanders be heard ,to rattle. Dr Stevens inclosed in 
ifllver,perforated spheres 2^ inches lotig, and Scinches in circum¬ 
ference, various kinds of food. The spheres were evacuated 
about twenty hours after being swallowed, and it was in Dr 
Stevens’s powtfr to ascertain what change the food had undergone. 
Affew of the experiments will enable the reader fo judge of the 
results.-« d*! serupl^s of raw becf lost Scruple of their weight. 

-The silver sphere was divided into two compartments. Into 
the one was put 1 scruple 4 grains 'of raw beef, and into the 
* other 4 scruples 8 grains of boiled beef. The sphere was voided 
in forty-three hours. The raw beef had lost 1 scruple 2 grains 
of its weight; the boiled beef 1 .scruple and 16 grains. 

Silver spheres were now employed, the numerous perforations 
in which t^erc of the size of a crow quill. The following w'erc the 
experiments made: 


Substances introduced. 

Length of time 
before voided. 

Result. 

Beef slightly masticated, 

38 hours. 

All dissolved- 

Raw pork. 

45 

Ditto. 

A piece of cheese, 

45 

Ditto. 

Roast pheasant. 

46 

Ditto. 

Salt herring. 

46 

Ditto. 

Raw parsnep. 

48 

Ditto. 

Raw potato. 

48 

Ditto. 

Raw tmnip. 

36 

Ditto. 

Boiled turnip. 

36 

Ditto. 

Apple, raw. 

36 

Ditto. 

Do. boiled. 

36 

Ditto. 

Grains of rye. 

Many hours. 

Not altered. 

wheat, 

Do. 

Ditto. 

barley. 

Do. 

Ditto. 

oats, . . 

Do. 

iDitto. 

PeaJ^ . • , • 

Do. 

Ditto. 

Thigh-bone of sheep; . 

48 

Ditto. 

Wing of pheasant, 

f All dissolved except 
1 the bones. 

Living leech. 

• • • « 

All dissolved. 

Living lumbricus. 

• • • • 

Ditto. 
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Dr Stevens proved likewise by his experiments that the sto¬ 
mach of certaiMs animals—the dog, fojj* example, acted move 
powerfully upon animal than on vegetable food. On the con¬ 
trary, the stomach of the sheep and ox acted^powcrfully on ve¬ 
getable food, while it produced no g|pnsible alteration un» animal 
food. This will be evident*from the following experimenl|$: • 


I. The Dog.* 


Food inc'losed Ho*urs in the 

Loss of 

in spherules. 

stomach. 

weight. • 

17 parts raw beef, 

4 

*5 par&. * 

, Do. raw cod, 

. 4 

9 ' * 

Do. ra^ potato. 

. 4 

.3 • • • 

Do. raw cabbage, 

4 

• 1 • 

Do. roast mutton. 

4 

G 

A 

Do. • boiled tnrbot. 

4 

10 

t 

Do, parsnep, 

• 

. 4 

0 

Do. boihjd potato. 

4 

5 

The food was inclosed in perforated ivofy 

spheres. T^e ivory 

was obviously corroded. This induced Dr Stevens to make thi? 

following experiments: 


• a 

17 boiled mutton, 

8 hours. 

All dissolved. 

Do. fish, 

Do. 

Do. 

Do. potato. 

Do. 

11 parts. 

Do. parsnep, 

Do. 

0 


The ivory balls in which these articles had been inclosed were 
dissolved and liad disappeared. He then made a dog swallow 
three pieces of the thigh-bone of a sheep. Ip seven hours. 

The 1st fragment lost 7 grains of its weight. • 

2d ... 9 

3d ... 12 

In the following experiments made on |he stomach of the dog» 
the articles of food tried were enclosed in perforated tin-cases, 

which were not in the least acted ©n : * 

Weight lost. 


parts roast beef. 

10 liour& 

AJl dissolved. 

Do. 

roast veal. 

Do. 

10 parts. 

Do. 

tallow, ^ 

Do. , 

8 do. 

Do. 

wheat bread, 

Do. •• 

All dissolved. 

Do. 

roast mutton. 

7 hours. 

Do. 

Do. 

roast lamb. 

Do. 

10 parts, ■* 
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<• Weight lost. 


17 parts raw beef. 

. Do, 

10^ parts. 

Do. roast beef. 

Do. 

All dissolved. 

Do. , raw cod. 

. Do. 

14 parts. 

Do. boiled cod, 

. Do. 

All dissolved. 

Do. roast beef. 

i 

. Do. 

Do. roast mutton. 

> 

Do. 

Do. roast fowl. 


. 11 parts. 

We see from these trials that in the dog’s stomach old meat is 

more easily digested than that of young 

animals, and that roast- 

cd or boiled meat and fish 

are more easily digested than when 

in a raw state. 



11. 

The Sheep. 


vRaw beef. 

6 hours. 

Unchanged. 

Raw salmon. 

. Do. 

Unchanged. 

Raw radish. 

Do. 

All dissolved. 

Raw ])otato. 

Do. 

All dissolved. 

When the experiments were repeated 

with the same articles 

boiled, the result was the same. 


III. Thv Ox. 


Beef, 

10 hours. 

Unchanged. 

Pish, 

Do. 

Unchanged. 

Hay, 

Do. 

All dissolved. 

Cabbage, 

. Do. 

All dissolved. 


Similar experiments were made by Reaumur and Spcallanzani; 
but it is unnecessary to state them, because the results were 
nearly the same. 

It will now be proper to describe somewhat in detail the phe¬ 
nomena which take place in the stomach during digestion. This 
cannot be done better than by stating the observations made by 
Dr Prout on the subjeQt.*^ 

1. Digestion in the RcibhiU —A j^abbit, which had been kept 
from food for twelve hours, was fed upon a mixture of bran and 
o(ds. About two hours afterwards it was killed, and examined 
immediately while still wirm. The stomach was mcderately dis- 
t'ended with a pulpy mass, which consisted of the food in a minute 
state of division, and so intimately mixed, that the diflFerent ar¬ 
ticles of v^hich it was composed could be barely recognized. 
The digestive process, however, did not appear to have taken 

Annals of Philosophy, (1st series), xiii. 13. 
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place equally tlir«ugliout the mass, but seemed to be confined 
principally‘to iUs superficies, or where it was in contact with the 
stomach.* The smell of the mass was peculiar, and difiicult to 
describe. It might be called weak but disagreeable. On being 
wrapped up in a piece of linen, and subjected to moderate pres- • 
sure, it yielded upwards of*half a fluid ounce of av opaque, ret^- 
disli-brown fluid, which instantly reddened litmus-paper very 
strongly, though not permanently^ as, upon being dried or even 
exposed to the air for a short time, the blug colouf w^ restored. 
It instantly cfiagulatcd milk and redissolved the curd, coi^vyt- 
ing it into a fluid siigilar to itself. It was not cojgulj-tqji by heat 
or acids, and therefore contained no alburn^. On being evapo¬ 
rated to dryness, and incinerated, it left an alkaline chloride 
with traces of an alkaline phosphate and sulphate, together with 
sulphate, ])hqsphatc, and carbonate of l]mc. • 

2. Digestion in the Pigeon. —The bird was young, but fully 

fledged, and had been fed about two hours before it was killed 
upon a mixture of barley and peas. It was opened ajid examin¬ 
ed immediately after death. In the crop was a portion of food which 
was swollen and soft, but appeared to have undergone no farther 
sensible change than might have Been expected from mere heat 
and moisture. This organ did not exhibit any evidence of the 
presence of an acid. The gizzard or stomach contained corn 
in various states of decomposition, the internal parts of some 
of the seeds being reduced to a milky pulp, which flowed out on 
their being subjected to pressure; otliers were reduced to a mere 
husk, while others were in various states batween these two ex¬ 
tremes. The whole contents of the stomach exhibited decidedly 
acid properties. But the litmus-paper recovered its blue colour 
again almost instantly after exposure to the atmosphere. They 
coagulated milk, but yicldod no trace *of albumen. • 

3. Digestion in the Ten^h and Mackerel, —The contents of 
the stomach and upper intestines*of the tench were examined im¬ 
mediately after death; but, as the fish had been kept foi some 
time in an •unnatural state, the pheitomcna wore not quite satis¬ 
factory. The contents of the stomach and upper portion of the 
intestines consisted of little more tliair a yellowish glairy fluid, 
which seemed to be bile ; and the small quantity of alimentary 


« 


This covroborates Dr Wilson Philip’s statement noticed^bovc. 
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matters present i^peared to be unnatural, and little capable of 
being acted upon by the digestive organs. No» traces of albu> 
men could be found. 

The mackerel examined had just come from the coast where it 
had beei) caught the day before. The stomach was nearly tilled 
with a whitish grumous mass, in which the undigested bony remains 
of some small 6sh were visible. This mass very faintly reddeimd 
litmus, and, by the assistance of heat, coagulated milk. It un¬ 
derwent a partial coagulation by the acetic or other acids, espe- 
c^^y when heat was applied; but no traces of albumen could 
be percciyed iil it. 

Physiologists seem to have been generally of opinion that the 
stomach contained an uncombined acid, somehow connected with 
the proce^ of digestion, till Spallanzani concluded, from a great 
number of experiments, that the gastric fluid, when in its natural 
state, is neither acid nor alkaline. In the year 1823, Dr Front 
ascertained by numerous experiments that a free acid exists in 
the stomach of the rabbit, the hare, the horse, the c^ilf, and tlic 
dog, and also in the liquid ejected tirom the human stomach incases 
of dyspepsia. He washed the contents of a rabbit’s stomach with 
distilled water, and divided tlie aqueous liquid into four equal 
portions. The first was evaporated to dryness, and the residuum 
incinerated. It was then redissolved, and the chlorine which it 
contained was determined by means of nitrate of silver. The 
second portion was supersaturated with potash, evaporated to dry¬ 
ness, ignited, and its quantity of chlorine determined by nitrate 
of silver. This gave the whole chlorine in the contents of the 
stomach. The third portion was exactly neutralized by a solution 
of potash of known strength. This gave the quantity of free 
muriatic acid in the stomach. And from these data the quan¬ 
tity of sal-ammoniac was‘calculated# The following table will 
show the result of three experiments on the gastric juice of rab¬ 
bits; * 


% 

No. 1. 
Grains. 

No. 2. 
Graiiii^. 

No. a 
Grains. 

Muriatic acid combined *with i 
** fixed alkali, . J 

0*12 

0*95 

1*71 

Ditto with ammonia. 

1*56' 

0-76 

0*40 

Ditto uncombined. 

1-59 

2-22 

2*72 

Total, 

3-27 

3-93 

4-83 
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The following* table shows the quantity of muriatic acid in 
one pint of the aaid fliiid ejected from the human stomach in thr ee 


<*ascs of dyspepsia: 

No. 1. 

No. 2. No. 3. 


Grains. 

Grains. Grains. • 

* 

Muriatic acid CQmbined with a 
^xed alkali. 

}'i2.n 

w 

• 

12*40 U*25 • 

Ditto with ammonia. 

•• 0-00 

0*00 5*39 

Ditto free. 

5-13. 

4^63.* 4*28 

• , •Total, 

17*24 

l^Oai, , 20*92* 

These conclusions have been objected to by 

T^euret and I^as- 


saigne, because, in their o*pinion, the excess of potash employed 
in examining tly second jmrtion of the liquid wouldtreact upoi^ 
tlie azotic suiistances present during the calcination, and cyano- 
dide of potassium and carbonate of potash would be ^rmed. 
These substances would cause a precipitation of the nitrate of 
silver, which would increase the apparent quantity ^of muriatic 
acid present.t But it is impossible to doubt tha^I^r Front sa¬ 
turated the excess of potash with an acid (probably nitric,) be¬ 
fore he precipitated the muriatic acid by nitrate of silver. 

The results of Front were confirmed by the experiments of Tiede- 
mann and Gmelin in 1826.| They distilled the liquid in the sto¬ 
mach of dogs and horses, and found generally free muriatic acid, 
together with a quantity of acetic acid, and sometimes of butyric 
acid. There was much acetic acid in the stomach of a doar which 
had been made to swallow pepper. They •found the same acid 
in the gastric juice of a horse which had been made^ to swallow 
pebbles. They twice found butyric acid in the gastric juice of 
a horse. 

Tiedemann and Gmelin examined flie liquids in the stomachs 
of no fewer than 43 animals, dogs, cats, horses, oxen^ calves, 
and sheep. It was acid in every case, and tl^ quantity of acid 
was always considerable. The acids were usually two in num¬ 
ber, namely, the muriatic and acetic: In ruminating animals 
they found also butyric acid. • 

Leurct and Lassaf^ne assure us that, when stimulants are 
applietl to the innermost coat of the stomach or duodenum of a 

'• riiil. Trans. 1824, p. 45. t Ro<*hcfflK‘s Physiolo^jjucs, p. 116 . 

j I?t'chor(’)i(‘P Kxpcriiiicntulef', K'c. i. p. 91. 
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living animal, there is always a discharge of a liquid from the 
villous extremities so abundant in that coat. ^This liquid, dis¬ 
charged only when stimulating bodies are applied, or by the 
stimulus of food, is, no doubt, the gastric juice, by the agency of 
* which the food is converted into chyme. It was shown decisive- 
^ by the experiments of Dr Stevensj that this juice .acts by dis¬ 
solving the food, and that it produces the same effect upon food 
out of the body, provided the'temperature be kept at 100®, as in 
the stomach. , 

^Pr Beaumont of the United States army had an opportunity 
of witnpssipg tlie process of digestion, and tiie appearance of the 
gastric juice in the stomach of Alexis II. Martin, who had a per¬ 
foration of the stomach, occasioned by a shot. The orifice gra- 
dually heeded; but remained open with a kind of valve opening 
from without, by means .of which any thing could be introduced 
into the stomach, and, by pushing the valve aside, the appearance 
of the inner coat of the stomach and of the gastric juice coidd be 
examined, and quantities of the gastric juice itself could be ex¬ 
tracted, and its nature ascertained. The facts asccrttiined by Dr 
Beaumont have been stated at considerable length in a preced¬ 
ing chapter of this work, to which the reader is referred. 

The gastric juice, as observed by Dr Befiuuont, was a pure, 
limpid, colourless, slightly viscid fluid. It exhaled a w eak odour, 
not disagreeable, but slightly aromatic. Its taste was feebly sa¬ 
line, and it always contained an uncombined acid, which Dr 
Prout first showed to bo the muriatic. The ti’ue gastric juice is 
secreted only during digestion, and does not exist in the sto¬ 
mach at any other time. What was taken for it by Spallanzani 
and other experimenters towards the end of the eighteenth cen¬ 
tury, was merely the saliva mixed with the mucus, secreted to In¬ 
tricate the stomach, and protect it from the action of certain sub¬ 
stances sometimes present, which might otherwise injure it. 

From the experiments of Ebcrle, Muller, and Schwann, for¬ 
merly stated, it follows that the gastric juice contains also an¬ 
other substance, called pepsin, some of the most remarkable pro¬ 
perties of which have been detailed in a preceding chapter of this 
work. It is by the united action of the muriatic or acetic acid 
of the gastric juice, and of the pepsin which it contains, that the 
food in the stomach is converted into chyme. 

When casein, gelatin, or gluten is put into water, acidulated 
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with muriatic or sfcctic acid, and kept at the temperature of 100^, 
solution takes place, and the gelatin Igses its property of gela¬ 
tinizing, and of being precipitated by chlorine. But these aci¬ 
dulated liquids are incapable of dissolving qpagulated albumen 
or fibrin, and likewise to a certain ^extent casein. To make an * 
artificial juice capable of dilssolving these very common ^rticlw 
or food, a portion of the third and fourth stomachs of an ox 
was digested for twenty-four hours in water, containing 2*75 per 
cent, of muriatic acid. It contained in solution 2ir5 pci; cent, of 
solid matter. * A portion of this solid matter was pepsin. • ¥or 
when thi? liquid thu^prepared was digeste(^ for «ome 4iours jon 
coagulated albumen in powder, a completeisolution was obtained. 

It would appear from tlfe present knowledge possessed by phy¬ 
siologists, that tl^e gastric juice, besides salivin, contain a certain* 
quantity of pauriatic acid and pepsin. • This liquid, ift conse¬ 
quence of the temperature and the peristaltic motion of tJie sto- 
inacii, gradually dissolves the food into an opal-coloured and ad¬ 
hesive liquid called chyme, • * 

Tlie chyme thus formed passes into the duodenun^ where it is 
gradually separated into two distinct substances. 1. A milky 
liquid, which is absorbed by the lacteals, under the name of 
chyle, and a quantity of cxcremcntitious matter, which gradually 
makes its way along the intestinal canal, and at last is thrown out 
of the body altogether. 

According to Leuret and Lassaigne, a portion of chyle is 
formed in the stomach itself. They assure us that, if the stomach 
of a living animal be opened during digestifin, the white vessels 
or lacteals of the stomach are easily seen. They inform us that 
they have collected chyle from the lacteals in the stomach of the 
horse, and ascertained by experiment that it possesses the usual 
properties of that liquid.* • • 

These geiiUemeu affirm also that, if the duodenum of^ living 
animal be opened, and a stimulating substance, as vinegar, ap- 
j)licd to its villous coat, a quantity of liquid is immediately se¬ 
creted, similar in appearance to the gahtric juice of the stomacluf 
If this be a correct statement of facts, there can be little douSt 
that the liquor given ‘out by the villoi^i, coat of the duodenum 
during digestion is destined to act upon the chyme, and to assist 

• 

* liechenhes surln Digestion, p. 124. f Ibid. p. 140. 
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in converting it into chyle. But, as the liquitt of the duodenum 
has never been collected nor examined in a sca't^ of purity, little 
is known respecting its nature. 

Leuret and Lasmigne made a hungry dog swallow small pieces 
of sponge wrapt up in fine linen. The animal was killed twenty- 
^our hours after. Some of the sponges were found in the sto¬ 
mach, and some in the duodenum. The sponges in the stomach 
contained a mucous, whitish acid liquid; those in the duodenum 
a liquid ^lich was yellowish, but little viscid, and hut weakly 
add. A quantity of this last liquid was mixed with crumb-of- 
bread iita'*phial, aqd kept for some hours'll? a temperature of 88®. 
In eight hours the broad disappeared, and there remained a thick 
homogeneous yellowish liquid, in winch iodine detected the pre¬ 
sence of i little starch.* But we have no evidence that the li¬ 
quor tltus examined was secreted by the duodenupi. Undoubt¬ 
edly the sponges would remain for some time, and would imbibe 
liquid in the stomach, r 

There” tire two liquids which are poured into the duodenum, 
and which arc generally considered as intimately connected with 
the conversion of the chyme into chyle. These are the ’pancrea¬ 
tic juice and the hile. An account of both of these liquids, so 
far as they have been investigated, has been given in a preceding 
part of this work. 

The pancreatic juice is not abundant. It was long considered 
as similar to saliva; but later investigations have shown th.it 
its nature is different. It is weakly acid, and contains pancreatin 
a/id casein; but th^ function of these substances in the process 
of digestio« or of the conversion of the chyme into chyle is not 
yet understood. 

Bile consists essentially of chohate of soda. One use of the 
soda may be to neutralize the acid contained in the chyme. 
But thn steps by which the chymes’is converted into chyle and 
excrementitious .matter are not yet understood. Doubtless the 
liquids secreted in the duodenum and small intestines perform 
the most important part 6^ this extraordinary changed The cho¬ 
leic acid probably unites with the excrementitious matter, increas¬ 
es its consistence, and, by its stimulating qualities, induces the in¬ 
testines to propel it onwards, in order to its expulsion from the 
body. . 

• Ttecherches sur la Digestion, p. 144. 

4 
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There We strohgji’easons for believing that bile is not the only 
substance *forftfl*d in the liver. It ha£ been long knovn tliat, 
when the liver is diseased, the quantity of urea in the urine is 
greatly diminished. Hence it is not unlikely fhat urea, and^ 
perhaps even uric acid are formeddn that orgap. Liebig has re- 
iiyirked that 5 ^oms protein, 15 atoms starch, 12 atomawatc^, 
and 5 atoms oxygen, may be resolved into 9 atoms choleic acid, 
9'atumsurea, 3 atoms ammonia, and 60 atoms of carbonic acid. 
Thus, • i 

Atoms. Atoms. '* ^ 


5 protein^ ') 

15 starch, 

1-2 water, = 0»* 

5 oxygen, = , 


( J) choleic acid, 

9 urea, i( Il*®*Az*®0** 

S ammonia, Az^ • 

60 carbonic acid, = ^ O *20 


- -j- 

Az«0(i?37 

But this doc< not throw much light upon the subject, a^we have 
no evidence that starch, or any tiling resembling it in composi¬ 
tion, exists in the blood, from which Uie bile and urea arc se¬ 
creted. * * 

J^iebig affirms tliat none of the bile is excreted witfi the fmces. 
He coiKJcives tliat it is all taken again into the system, and con¬ 
verted into carbonic acid and water during its circulation through 
the body, for the purpose of producing animal heat. The opi¬ 
nion is bold and ingenious. But its accuracy seems to me to 
be belied by the phenomena. Tlie colour of the ffcces indicates 
the presence of choleic acid, which may have lost its solubility 
in alcohol, in consequence of having entered into combination 
with the excrementitious matter. Were the bile absorbed ij|to 
the system, it ought to be present in the blood, which is never 
the case except in the disease called jaundice. 

The chyle formed in the lower part of the duodenum and in 
the other small intestines iS taken up l>y the open mouths of tlie 
lacteals, and conveyed by tliem to the thoracic duct. !^rom the 
difficulty, or almost the impossibility, of obtaining a sufficient 
quantity of chyle in a state of purity, it has hitherto been but 
imperfect!^ examined by chemists. •Indeed, *as in the thoracic 
duct, it is always mixed with lymph, a liquid exhaled in order to 
moisten and lubricafe all the shut (;^vities of the body, from 
which it is taken up by the lymphatics, and conveyed to tlie tho¬ 
racic duct, it is imjiossiblc to procure it in a state of pijrity except 
in the lacteals. Hence the (juantity of pure chyle jirocurablc 
can never exceed a few drops. The facts hitherto ascertained 
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by chemists and physiologists respecting both bhyle and lymph 
have bepn detailed in a preceding chapter of this volume. 

Such is the very imperfect view that can be at present ^ven 
of the process bf digestion. The food in the mouth is converted 
into a moist and comminuted 4 mnss, which in the stomach is act> 

I • 

on ^by the* gastric juice, and coUverted into chyme. Tlj,e 
chyme passes into the small intestines, where it is acted on by 
liquids, there secreted and converted into chyle and cxcremen* 
titious mattor. i The part played by the pancreatic juice is un- 
knowii. But the soda of the bile neutralizes the acid in the 
chyme, c!t*hile the cliipleic acid facilitates the evacmitioil of the 
exorementitious* matter hrom the intestines. The chyle when 
completed is taken up by the lacteals, carried to the thoracic 
-^uct, wherfe it is mixed with the lymph, and b(^h together are 
conveyed to the left subclavian vein, where they miggle with the 
blood, and during the circulation through the blood-vessels, the 
conversion of the chyle into blood is completed. 


CHAPTER II. 

OF RESPIRATION. 

The function of respiration, so essential to the existence of 
hot-blooded animals, and indeed of all animals, could not be un¬ 
derstood till after the discovery of the circulation of the blood. 
Accor^ngly, there is nothing respecting this function in the 
writings of the Greek philosophers that is deserving of being 
noticed. Plato, in his Timeus, says, that, " as the heart might 
be easily raised to too l»g'h a tempeiature by hurtful irritation, 
the genii placed the lungs , in its neighbourhood, which adliere 
to it and fill the c^ivity of the tfiorax, in order that their air ves¬ 
sels (arteries) might moderate the too great heat of that organ, 
and reduce the vessels to* ah exact obedience.” And this opi¬ 
nion respecting the use of the lungs, strange as it may appear, 
was generally adopted by^ philosophers and medical men, till the 
chemical dikoveries rejecting heat made by Dr Black about 
' the middle*of the last century laid the foundation of another ex¬ 
planation. 

The structure of the lungs seems to have been first explained 
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in a siitisfactory manner by Malpighi, in liis two epistles De PuU 
monibus, first pyblislied in 1661. He^showed that the interjor 
portion of the lungs was composed of lobules, in the intervals 
between which were numerous vesicles communicating with each 
other, and with the branches into^which the trachea if divided,* 
and consequently always filled with air. These vesicles ^e IIr- 
ed with blood-vessels, which expose, the blood from tlie right 
ventricle of the heart to the action of the air. This structure of 
the lungs was confirmed by the subsequcg^t dissfctic»tls of Tho¬ 
mas Bartholih; though he had previously held a contrary ©pi¬ 
nion. • -• • . 

• ^ • * 

After the structure of the lungs was jisccrt^ned, some fjme 
elapsed before anatomists* were agreed about the mechanism of 
respiration. Swammerdam, in 1667, adopted theV>pinion o&. 
lies Cartes, according to whom the air is forced into the lungs, 
by the increased density of the air around the breeist, oeq^sioned 
by the dilatations of the thorax, in consequence of the eleration 
of the ribs. This absurd theory seems to have liee» first refut¬ 
ed by Dr Walter Needham, in his celebrated worjt Farmato 
Fmtu^ published in 1667. In 1674, it was examined and opposed 
at greater length by Dr Lamzweerde, a physician in Cologne. 
The true mechanism ©f respiration, the elevation of the ribs, and 
the action of the intercostal muscles * were pointed out. It was 
shown that, by the elevation of the ribs, and the depression of 
the diaphragm, a partial vacuum is produced in the thorax. This 
causes the air to be foreed into the vesieles of the lungs. That 
organ, of consequence, is pressed against tlm walls of the thor^, 
and its cells at every inspiration are filled with air. 

It has been already stated, that the almost universal opinion 
of phyaologists was, that the use of the lungs was to cool the 
blood. The chyle was supposed to b» converted into blood fh 
the liver. One of the first* steps towards explaining tljp nature 
of respiration was made by Dr Hooke, in his ^crographm^ pub¬ 
lished in 1665. He gives a theory of combustion in that work, 
which applies very closely to the opibions entertained on the sub¬ 
ject by modern chemists. The air, according to him, contains 
a small quantity of a«peculiar matter. Identical with a substance 
which exists in nitre. This substance Kas the property of rapid¬ 
ly dissolving combustibles, and the phenomena of coqjbustion are 


* De Respiratione, p. 278. 
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occasioned by this rapid solution. When the aubstance is satu- 

• ratf^ with the combustible body, it becomes unfit ^or supporting 
combuslion, and of course no combustible body will burn in it. 
This peculiar substance is obviously the oxygon of modern che- 
^nists, whiph is now known to constitute a fifth part of the volume 

• oicommon air, * • , 

In i 564, Dr Malachi Tbruston, when he took his medical de¬ 
gree at Cambridge, defended j*thesis entitled De Respirationh 
tisu PrimdUrio J^iatriho^ which he published three or four years 
• aftorvsar js.* He was of opinion that the air, or thfe purest por¬ 
tion of i^^as a]?sorbed by the blood in th« jungs, and that this 
por^on was necessary Jo preserve the fluidity and«tirc heat of that 
liquid. The heat of the body, he say#, is owing to the nitrous 
^^articles ot»thc air absorbed by the blood, which ferments with 
the sulphureous particles.. He observed that the blood acquir¬ 
ed its s^let colour by its union with air, and says it was with 
peculiar pleasure that he^found that the experiments of Lower 
agreed witlkhis ideas. Now Lower s work on the iieart was pub¬ 
lished in 16^9j Hence I think we may conclude that Tiirus- 
ton’s Diatr^u was not given to the public before the year 1669 
or 1670. * 

In 1668, Dr Mayow of Oxford publishgd his Tracts, which 
have conferred upon him so much posthumous celebrity, after he 
had languished in obscurity for more than a century. This work 
consists of five tracts. The first, De SaUnitro et Spiritu Nitro 
(Brio, in which he treats of the constitution of air, and gives a 
theory of combustion»very similar to that of Dr Hooke. His se¬ 
cond tract, De Itespiraiiojie, and his third, De Respiratione Foetus 
in Utero et Ovo, contain his views respecting that most important 
function. According to him the nitro-mrial particles (that is 
thb oxygen) of the atmosphere are absorbed by the blood in the 
lungs, puring the circulation, thejfc unite with the salino-sul- 
phureous particles^of the blood.* This union is accompanied by 
fermentation, which evolves animal heat. 

The dark and dusky coleillr of venous blood is, in his opinion, 
owhig to the saline-sulphureous particles. Fermentation he con¬ 
sidered as depending upon the nitro-eerial particles, and hence he 
inferred that the motion*of .the blood was owing to the same 
source. The chief use of respiration wa^ in his opinion, to keep 

* It was inserted in tbe Bibliotheca Anaiomica printed in 1G85. 



RESPIRATION, 


607 


Up the motion of the heart and arteries. These views he illus” 
trated and ooniv'ined*by many ingenious experiments, in whicli 
he anticipated some of the modern discoveries respecting'respi¬ 
ration. • 

Lower’s work, De Corde item de Motu et C^olore Sanguinis et 
Chyli in earn Trqndtu, was*published in 1669 ;* os a year aftei^ 
Mityow’s tracts.* In this very ingenious treatise, he proves that 
the florid colour of arterial blood Ts owing to the absorption of 
air, or rather the nitrous spirit of air (oxygen) ^n tte lungs. 
This nitrous spirit is dissipated during the circulation. H#n^e 
the reiisoti of the dar^ colour which the blood has^wh^n Jij; enters 
the right auricle«,nd ventricle before it pasi^s to the lungs, where 
it is again impregnated with air, and reassuraes its florid colour. 

It is well known that carbonic acid gas was obtaineil in a sc- « 
paratc state W ^r Black* and that he •ascertained that, when 
passed through lime-water, it lias the property of rendering it 
turbid and milky. In the year 1757, by breathing through lime- 
water, he ascertained that the air when thrown out of*tlie lungs 
contains carbonic acid.f In 1774, Dr Priestley discovered oxy¬ 
gen gas, and found that animals could breathe it much longer 
with impunity than the same bulk of common air. He found that 
tlie quality of air w'as deteriorated by breathing precisely as by 
combustion. According to him, when atmospheric air is com¬ 
pletely deprived of phlogiston, it becomes oxygen gas ; when 
completely saturated with phlogiston, it becomes azotic gas. 
Blood exposed to air acquires a florid red colour, while, at the 
same time, the air is deteriorated. Hence ht conceived that the 
use of respiration was to deprive the blood of phlogiston.^ It is 
curious, that, in the year 1776, he docs not seem to have been 
aware of the formation of carbonic acid gas during respiration, 
though the fact had been noticed by Db Black as early as tin* 
year 1757. • ^ 

About the year 1780, Lavoisier published his experiments on 

* Yet Mayow quotes Lower in confirmation of his views^ My copy of Mayow 
is the second edition, printed (I believe, for the title-page is wanting,) in 1674 ; 
and my copy of Lower is that in the Bibliotheca Anatomica, printed in 168o. 
Doubtless additions were roRdc to the new cditioifs. Hence, unless we had the 
original editions, it would be impossible to ascertain who first struck out the 
ideas nearly identical stated by Thniston, Mayow, and Lower. 

f Black’s Lectures, ii. 87. t Priestley on Air, (first series)) iii. 5$. 
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the respiration of animals.* He considered^ atmospherical air 
a mixture of oxygen ^nd azotic gases. H*e shorred'that, during 
respiration, the azotic portion of the air remained unchanged, 
but the oxygen portion diminished, and the portion which dis¬ 
appeared was r^laced by carbonic acid gas. Thus he verified 
^he fact disoovered by Black, and* rectified the statements of 
Priestiey. Lavoisier considered respiration as a true combus¬ 
tion. In the lungs, the carbon of the blood combined with the 
oxygen (tfitliQ air, apd converted it into carbonic acid gas, just 
asbhappens when charcoal is burnt. * 

^In tbv jiear.lVSS, an important treatise^was publislied by Dr 
Goo^wyn, Qptitlcd On tlw connection of Life with Res~ 
piration,'\ He endeavoured to determine the capacity of the 
lungs, thd quantity of air which they contain,^and the volume 
drawn m and emitted in ordinary respiration. Bqt some of his 
estime'^tes of tliese seem to have far exceeded the true average 
quantities. In the year 90, appeared Dr Menzies’s Tentamen 
Inaugurak de Respiratione, originally printed as a thesis when he 
graduated^in Edinburgh, but afterwards, 1 believe, published in 
an English dress.| He endeavoured to determine the capacity 
of tbe lungs, the quantity of air drawn in and thrown out at 
each respiration, and the volume of oxygen gas converted into 
carbonic acid gas with more accuracy than had been done by 
Goodwyn, though I doubt whether he was successful. The latest 
experiments of Lavoisier an^ Seguin on respiration were pub¬ 
lished hy Seguin in the Memoirs of the French Academy for 
1789, (p. 566.) § * 

I shall not continue this historical detail any farther. The 
facts aseortained by Davy, Allen and Pepys, Prout, Berthollet, 
&C., will be noticed as we proceed. 

• The fluid respired by animals is common atmospherical air; 
and it paa been ascertained by expoTiment, that no other gaseous 
body with which,we are acquainted can be substituted for it All 
the known gases have been tried; but they all prove fatal to the 

if 

c * Mem. de 1’Academic des Sciences, 1777, p. 185. 

f It is said to have been written in consequence of a prize ol^ered by tbe Hu¬ 
mane Society for the best es^y on tbe method of recovering persons apparent¬ 
ly drowned. 

t But 1 have only seen tbe Latin thesis printed by Menzies when be gra¬ 
duated at E&nburgh in 1790. 

^ A posthumous volume published after the abolition of the Academy. 



RESPIRATION. 609 

animal which is made to breathe them. Gaseous bodies, as far 
as respiration concerned, may he divided into two classes :,L 
Unrespirahle gases; IL Respirable gases. 

I. The gases belonging to the first class are of .such a nature 
that they cannot be drawn into the lungs of animals a^ all; the * 
epiglottis closing spasmodieally whenever they *arQ applied to i^ 
TS this class belong carbonic acid, and probably all the other 
acid gases, as has been ascertained by the experiments of Filatre 
de Rosier.* Ammoniacal gas belongs the sfma.t$lass; for 
the lungs of finimals sufibcated by it were found by Pifati^ jjot 
to give if green coloyi^to vegetable blues, f , , ,, 

n. The gases belonging to the seconc^ class^may be drawn 
into the lungs, and thrown*out again without any opposition from 
the respiratory organs; of course the animal is cajfiible of re-^ 
spiring them.^ They may be divided into four subordinate clas¬ 
ses; 1. The first set of gases occasion death immediately, but 
produce no visible change in the blood.^ They occasion the ani- 
maPs death merely by depriving him of air, in the same way as 
ho would be sufibca.tcd by being kept under water. ^ The only 
gases which belong to this class arc hydrogen and azotic, 2, 
The second set of gases occasion death immediately, but at the 
same time they produce certain changes in the blood, and there¬ 
fore kill not merely by depriving the animal of air, but by cer- 
t£un specific properties. The gases belonging to this class are 
carhuretted hydrogenj sulphuretted hydrogm^X carbonic oxide, and 
perhaps also nitrous gas, 3. The third set of gases may be 

• Jour, do Phys. xxviii. 418. Pilatre de Rozier went into a brewer’s tub 
while full of carbonic acid gas evolved by fermentation. A gentle heat mani- 
fested itself in all parts of his body, and occasioned a sensible perspiration. A 
slight itching sensation constrained him frequently to shut his eyes. When be 
attempted to breathe, a violent feeding of suffoedtij^n prevented him. He sought 
for the steps to get out; but not finding them readily, the necessity of breath¬ 
ing increased, he became giddy, a^ felt„a tingling sensation in hie «ars. As 
soon as his mouth reached the air he breathed freely, but f^r some time he could 
not distinguish objects; his face wae purple, his limbs weak, and he understood 
with diiiicultyewhat was said to him. But theae symptoms soon left him. He 
rc]>cated the experiment often ; and always found, that, as long as he contiaiwd 
without breathing, he could speak and move about without inconvenieuce; but 
whenever he attempted to %reathe, the feeling pf suifocation came on. Ibid* 

p. 422. 

t Jour, de Phys. xxviii. p. 424. 

^ See Chausier’s experiments, ibid. Ivi. p. 85. * 

Q q 
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breathed for some time without destroying the animal^ but death 
ensues at last, provided^ their action be long enough continued. 
To this class belong the nitrous oxide and oxygen gas.* 4. The 
fourth set may be breathed any length of time without injuring 
the aninjaL Air is the only jgaseous body belonging to this class. 
• liC^us now endeavour to state the phenomena of respiration 
with as much precision aa possible: 

1. From the experiments bT Messrs Allen and Pepys, it ap¬ 
pears thdEU thp lung% of a stout man about five feet ten inches 
high^ after a fiill expiration, still retain 108 cubid inches of air.f 
TJie pr^QUS determination of Goodwynwpry nearly agrees with 
this. He recljonetf the air in the lungs after «an expiration, to 
be 109 cubic inches, t 

4 In ordrfr to discover the capacity of the lungs, I made twelve 
individuals, young men from fourteen to thirty-three years of 
age, ipake a full inspiration and then expel from the lungs as 
much air as they could. ^ The following table exhibits the results: 


1. 

100 cubic inches. 

2. . . , 

140 

3. 

163 

4. . . 

180 

5m . . 

193 

6. . 

200 

7. 

200 

8. . . 

200 

9. 

200 

10. • . 

200 

11. 

210 

12. . 

250§ 


The individual who could expel only 100 cubic inches of air 

• ' 

f 

• Perhaps also nitrous gas might have the same effect, if it could be breathed 
by an auCmal whose lungs contained ,no oxygen. 

f Phil. Trans. 1809, p. 410. ^ Goodw 3 m on Respiration, p. 27. 

§ Mr Thackrah mentions a tall young comet who was able to throw out 10| 
pints of air from hio lungs. If he means tetne ptnfs, as is likely, the quantity 
thus thrown out was 296 cubic inches. See Thackrah on the effects of different 
arts, trades, and professions on health, p. 16. He reckons the'average in adults 
to be 219 cubic inches. He^ says that the capacity of the female chest is less 
than that of the male, which he ascribes to the wearing of tight stays. The 
mean quanriW of air thrown out of the chest of ten females aged 18^, and in 
good health, ny a forced expiration, was 31 pints, or only 101 cubic inches. 
Ibid. p. 96. * 
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from the lungs after a full inspiration, was a girl about fifteen 
years of age: The two who expelled 1^0 and 163 were my two 
son^ the first aged fourteen, the second aged twelve. The indi¬ 
vidual who expelled only 180 cubic inches wa^ a very thin spare 
gentleman aged twenty-one. I mygelf could only expel«193 cu¬ 
bic inches from the lungs after a full inspiration. • Thesejexpe« 
riments were often repeated with the same individual, and the 
quantity of air which he was able*fo expel from the lungs after 
a full inspiration was always the same. Tl)e mean of«thp whole 
is 186 J cubic inches, or if we leave out the girl, who only made 
one trial,'*as the quai4i4y expelled was so small, the avetage w^ll 
be 194 cubic inches; or very nearly the (piantity, which I my¬ 
self was able to expel from*the lungs by a forced expiration al¬ 
ter a full inspiration. If to this we add the 108 cubic inches 
which Allen ^nd Pepys found to remain in the lungs after the 
full expiration which accompanies death, the quantity of air^which 
the lungs are capable of containing, will, be 302 cubic inches. 

The quantity of air employed in respiration during a given 
time will of course depend upon the number of inspii^tions and 
expirations per minute. Now these differ considerably in Af¬ 
ferent individuals. Dr Hales reckons them at twenty in a minute. 
A man on whom Dr Menzies made experiments, breathed only 
fourteen times in a minute. Sir H. Davy informs us that he 
made between 26 and 27 in a minute. I myself make about 
19 at an average. The average of all is 20. Now 20 in a mi¬ 
nute make 28,800 in 24 hours. 

There is a great diversity in the statement of Afferent expe¬ 
rimenters respecting the quantity of air which an ordjpary sized 
man draws into the lungs at a single inspiration, and again ex¬ 
pels by an ordinary expiration. Dr Menzies concluded from 
the mean of 56 trials that the quantify*of air Aawn into thef 
lungs at each inspiration is about forty cubic inches. 

Jurin had long before estimated the quantity at fqrty cubic inches. 
The experiments of Allen anA Pepys, made vnth great care and 
upon alargtf scale, give the quantity bidy 16^ cAibic inches. Dr 
Goodwyn reckons it from his own experiments at fourteen cubib 
inches.* Borelli had pfbviously cstimatejji it at eighteen or twenty 
cubic inches,! I tried the quantity of air which I myself Aew in- 

• Goodwyn on Respiration, p. 34. f A* quoted by Menzies in*bis Thesis. 
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to my lungs by an ordinary inspiration. JHhfe mean of a great 
many i^lals, made with a« much care as possible/^uve sixteen^cu- 
bic inches. I caused a tall and stout man with an expanded chest 
to accustom himself to breathe through a tube without any ef¬ 
fort. The quantity wMch he expelled at a single expiration was 
{dso sixteen cubic inches. From these trials,'* corroborated^ as 
they are by the experiments of Allen and Pepys, I am dispos¬ 
ed to conclude that the quantity of air drawn into the lungs at 
each insp^i atidn is sixteen cubic inches, or about ^^^th of the whole 
aif fliat the lungs are capable of containing. Now, as tlie num¬ 
ber of iifspirafions i,n 24 hours is 28,8005't is clear thSt the vo¬ 
lume of air taken into the lungs in 24 hoiura fhrerages 240,800 
cubic inches, or 266f cubic feet, or 10§ avoirdupois lbs, weight 
• of air. •' 

2. There is a great diversity in the opinion of different expe* 
rimenters respecting the ratio which subsists between the volume 
of air inspired, and that which is expired. According to Davy, 
air, by a single inspiration and expiration, is diminished from T^^th 
to xBijth j art of its bulk.* In the numerous and accurate expe¬ 
riments made by Allen and Pepys on a very large scale, the 
average diminution was little more than half a per cent, and 
even this seems to have been owing rather to unavoidable inac¬ 
curacy than to real absorption. In the experiments of Berthol- 
let, conducted also with very great care, the diminution varied from 
0*69 to 3*70 per centf I made many years ago numerous ex¬ 
periments by enclosing animals in a large glass receiver, through 
’yhich a gentle current of atmospherical air was constantly pass¬ 
ing. On making the requisite allowance for the absorption of a 
little carbonic acid gas by the water in the vessels through which 
the air passed, I found that there was no diminution whatever in 
the volume of air by passing it through the lungs. But the case 
was vfry different when an animal- was confined in a bell glass, 
and obliged to breathe the same air for a long time. The volume 
was always diminished, and the diminution always increased as 
j:he quantity of air whicn the animal breathed was diminished. 
In one case a rabbit was made to breathe a very small quantity 
of air. The animal died almost immediately: but the volume of 
the air was reduced to one-third of its original bulk. From 
these exf-priments it may, I think, be concluded that in ordinary 

• Davy’s Researches, p 431. 


t Mem. d’Arcueil, ii. 461. 
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respiration the air «lrawn into the lungs is nearly balanced by the 
air thrown out • JiutVhen the animal isjjlaced in untoward cir¬ 
cumstances, and is obliged to make forced inspirations, thd bulk 
of the air is diminished, and this diminution is inversely as the 
volume of the air which the animal is obliged to breathe.^ 

3. It is well-ki\pwn tli||.t atmospherical air (abi^rfycting a little^ 
vaphur of water and a trace of carbonic acid gas) is compoSbd of 
eighty volumes azotic and twenty* volumes oxygen gas. But 
when it is thrown out of the lungs by expirations, t^e jy>lumc of 
oxygen gas is diminislied, being replaced by exactly the s^e 
bulk of carbonic acid gas. Various experiments have j)egn made 
to ascertain how much of this principle is losf by respiration in*a 
given time; but they by nef means correspond with one another. 
Indeed, it is extremely probable, if not absolutely ce^in, that ^ 
the degree of effect which the same anim£^ produces upon Jbhe air 
respired differs materially at different times, and in consequence of 
different circumstances. Nothing, therefore, beyond an approxi¬ 
mation can be expected from our experiments on this function. 

Dr Menzics was the first who attempted to ascertain the qiiaji- 
tity of oxygen consumed by a man in a day. According to him, 

36 Inches arc consumed in a minute,*and of course 51,840 inches 
in twenty-four hours.* This estimate exceeds that obtained by 
Lavoisier and Davy from their experiments. Lavoisier and Se- 
guiii estimate the quantity of oxygen consumed by a man in 
twenty-four hours at 46,037 cubic inches, and this nearly coin¬ 
cides with the results which Lavoisier obtained firom his last ex¬ 
periments, on which he was occupied when hQ»was dragged to the 
place of execution. With this also the experiments of Davy coh 
incide very well. lie calculates that 31 *6 inches of oxygen are 
consumed in a minute, which, in twenty-four hours, make 45,504 
inches.f • * • • 

But these determinations be considered only as approxi¬ 
mations. Upon examining the aif expired from my own lungs, 

I found that the volume of cafbonic acid gas which it contained 
differed considerably from day to day.* In tho month of May 
1832, 1 analyzed air from my own lungs on ten consecutive daysf 
between eleven and twelve o’clock each day. The following ta¬ 
ble exhibits the result 4 * 

* Bostock on Respiration, p. 81. f Davy’s Researches,^. 433. 

t Records of General Science, i. p. 28. 
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Carbonic acic gas. 


Ist day,. 

# 

4*64 per coikt. 

2d 

• 

4*70 

^ 3d 

A 

• 

607 

o 4th 

7 

3*27 

n • 5th, 

• 

5*26 

6th 


205 

7th 

m 

2*30 

^ .. .. 8th , 

m 

3*85 

. .. 9th 

• 

305 

, JOth^ 

m 

7*16 . 

T|ie volume of carbonic 

acid 

gas, and, conseijtiently, the coii' 


sumption of oxygen gas on the tenth day, was three and a-half 
times gre'iter than on the sixth day. The mean of the whole was 
4*24 per cent. I made ten gentlemen, who were at that time 
operaj^ive chemists in my laboratory, breathe into a glass tube 
filled with mercury, and analysed each portion of air thus ob¬ 
tained. -The trials were made about eleven o’clock of the day. 


Tb,e resul|^ were as follows: 

Carbonic acid gas. 

Mr Thomas Thomson, (aged 14), 3*06 per cent. 

Ditto, next day, . 3*61 

Mr J. Colquhoun, (aged 18), . 309 

Mr Forrest, (aged 18), . 2*10 

Ditto, next day, . . 5*19 

Mr Coverdale, (aged 18), . 2*54 

Ditto, next day, . . 1*71 

M^ Cargill, (aged about 30), , 4*68 

Mr Bruce, (aged about 20) . 5*46 

Dr Duncan, (aged about 21), . 6*17 

Dr •'Short, (aged about 40)* . 6*85 

^.Mr Frazer, (aged about 30/ . 7*08 

Two ladies allpwed me to examine the air from their lungs. 
The result was as follows: 

Carbonic add gas. 

First lady, . 2*85 per cent 

Secon4 lady, . 406 


The diversity in the volume of carbonic acid gas, and’eonse- 
(juently of.the quantity of oxygen gas consumed by respiration, 
is fully as great as in iny own case. The average of the whole 
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is 4*16 pel* cent of carbonic add gas in the air expired brom the 
lungs. Now, 4bis does not differ much^ 6*om 4*24, the average 
in my own case of ten days at eleven o’clock. 1 am disposed, 
therefore, to consider 4*24 per cent as the average volume of 
oxygen gas converted into carbonic acid gas at eleven o’clock, or * 
rather between eleven and twelve in the forenoon., ^ 

4. Dr Prout has shown by a number of well-conducted*expe- 
riments on himself, that the propdftion of carbonic acid formed 
at each inspiration is different at different periods ff thc day. It 
is at its maxhnum nearly about noon, and is at its mmigit^m 
about midnight It appears farther from his triali^tliat quan* 
tity of carbonic acid gas in expired air begpis to increase nearlj 
at twilight The following lable exhibits the proportion per cent 
of carbonic acid^in the air expired from his lungs dutjng every, 
hour of the day. The experiments from which it was deduced 
were made in August :* 

Carbonic • Carbonic 


Hour A. H. 

6 

acid per cent. 

3*43 

m 

Hoar p. 
6 

M. acid per cant 

3*40 

7 

3*48 

m 

7 

3*3^ 

8 

3*56 

• 

• 8 

3*32 

9 

3*66 

• 

9 

3*30 

10 

3*78 

• 

10 

3*30 

11 

3*92 

• 

11 

3*30 

12 

4*10 

• 

12 

3*30 

1 

3*98 

« 

1 

3*30 

2 

3*80 

• 

2 

• 3*30 

3 

3*65 

• 

3 

3*30 

4 

3*54 

• 

4 

3*3i 

5 

3*46 

• 

5 

3*38 


• Mean, 3*45 

Dr Prout found that alcohol and all fermented^liquors (liminlsh* 
ed the proportion of carbonic acid formed by respiration, and this 
was confirmed by the experiments of Dr A. Fyfe. They found 
likewise that when the constitution is affected by mercury, the 
proportion of carbonic acid gas in the air expired is diminished. 
Dr Fyfe found that the quantity was likewise diminished by a 
course of nitric acid, and% a vegetable dietf Mr Maegregor 

* Annals of Philosophy, ii. 328, and iv. 321. 


t Ibid. iv. 334. 
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ascertained that the air expired by persons ill rf confluent small¬ 
pox contained as much as eight per cent, of cfy^honic acid gas. 
During the eruptive fever of measles it amounted to from four 
to five per cent In proportion as health was resumed, the 
* per centage diminished. In chronic skin diseases, an aug- 
pientation was also observed, and in one case of ichthyosis the 
mean per centage was 7% In diabetes, no aberration could be 
detected.* 

A set nf e}q)eriments upon the same subject has been publish¬ 
ed,!^ i^r Coathupef in 1839. His apparatus was simple and 
excellcpti and^the experiments appear to have been conducted 
with great care. Thpy were continued for a week. The fol¬ 
lowing is the result obtained: 

.<'• Carbonic acid per cent. 

, of air exposed. 

From 8 o’clock a. m. to 9^ . 4*.37 

10 ... to 12 . 3-90 

, 12 noon, to L . 3'92 

2 p. M. . to 5^ . 4*17 

7 P. M. . to 8| . 3*63 

9 p, M. . to midnight, 4'12 

Mean, 402 

These experiments do not agree with Dr Prout’s, and'show 
the necessity of repeating them upon many individuals before 
any general conclusions can be drawn. 

From the experiments of Prout, it appears that the quantity 
ol carbonic acid gas produced by respiration is at its maximum 
at noon, and that its quantity at 11 a. m. is to the mean quantity 
for twenty-four hours as 3*92 to 3*45. Hence it follows that tlie 
mean volume of carbonic acid gas in 100 volumes of air expired, 
deduced from the preceding experiipcnts^ is 3'72. 

From the experiments of Boussingault, it would appear that 
a cow in twenty-four hours discharges by the lungs about five 
times as much carbon ao a man does.^ A horse discharges 
about six times as much. 

Now, if the preceding estimate <rf the ^juantity of air drawn 

• Atbeneam, No. 677, p. 822. + Phil. Mag. (8d series), xiv. 401. 

) Ann. devChim. et de Phys. Ixxi. 126. 
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into the lungs at «ach inspiration be accurate, it will follow, that 
in twenty-four* hours 8957*76^ cubic inches of oxygen gas are 
converted into carbonic acid gas by the respiration of every adult, 
but 8957*76 cubic inches of carbonic acid weigh 4234 grains, 
and contain 1155 grains, or very^nearly one-sixth of^a pound* 
avoirdupois, or two ounce»and two-thirds of carbon. This, the}), ' 
is*the amount of carbon discharged ev^ry twenty-fom* hours from 
the body by means of the lungs.** 

If vve reckon the quantity of blood in j;he bo^y of an adult 
twenty-six pdunds, and that dry blood amounts to twent^r^r , 
cent. of4iquid bloo(h it is obvious that, if the cai;bouic«apid were 
derived from Hie carbon of blood (con^iluting 51*96 of dry 
blood,) the whole carbon Vould be consumed in little more than 
sixteen days. ^ !. • 

5. The general opinion at present entertained is, that the vo¬ 
lume of oxygen gas which ^sappears is greater than^that of 
the carbonic, acid gas, which replace^ it as is most pro¬ 
bable, the oxygen gas is absorbed by the blood in the iungs, and 
combining witli carbon during the circulation, and i|^e|yolved in the 
state of carbonic acid gas when the blood passes next tlirough 
the lungs, it is at least possible that a portion of the oxygen gas 
absorbed may combine with liydrogcn during the circulation and 
form water. The experiments of Despretz, which will be stated 
afterwards, lead to the conclusion that about ^^^th of the oxy¬ 
gen gas absorbed combines with hydrogen and forms water, and 
that formation of carbonic acid gas. If 

this estimate be true we must, in order t(f get the true volume 
of oxygen gas abstracted from air during respiration, augment 
the volume of carbonic acid gas evolved by ^^^th. This would 
make the average quantity of oxygen abstracted from the air in¬ 
spired amount to 4*092 p^ cent. * • • 

When venous blood passes through the lungs it beqpmes ar¬ 
terial blood, distingmshed by its bright scarlet colour. Now, as 
the colouring matter of blood is the red globules, it is obvious 
that they fiiust be the portion of tHe blood vibich has absorbed 
oxygen. The blood continues arterial till it passes through Ihe 
capillary vessels. Here it loses its s^let colour and becomes 
venous blood. In the capillariei^ therefore, the oxygen which 
has combined with the globules must be converted igto carbonic 
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acid. Liebig conceives that it is the iron in the globules which 
comlnnes vdth the oxygep. It thus becomes pcKroxide. In the 
capillaries the half atom of oxygen with which it had united 
unites with caidion, and is converted into carbonic acid. This 
carbonic acid combines with the protoxide of iron. In the lungs 
the carbonic acid is displaced by the oxygen of the atmosphere, 
and passes into the air, while an equal volume of oxygen gas 
unites with the protoxide, and converts it into red oxide. This 
explanation is certainly very ingenious. 

6' (The air when emitted from the lungs has probably the 
temperature-of that organ, or is heated to about 98®. It'is load¬ 
ed with moisture at that temperature. Now the force of the 
vapour of water at 98® is 1 *74 inch. Hence it follows that the 
rir expired.'n'om the lungs contains rather more than ^^Ih of its 
volume of vapour, or every 100 cubic inches of air expired will 
contain, 5*9 cubic inches of vapour. But the specific gravity of 
vapour at 98® is 0*0362, that of air being 1. This is nearly 2*^th 
part of the* weight of the same volume of air. Hence the weight 
of the aqueous vapour in every 100 cubic inches of air expired 
is about 1*8 grain. This in 24 hours will amount to 4334 grains, 
or somewhat more than 9 avoirdupois ounces. Such is the 
quantity of pioisture given out daily from the lungs of an adult 
person. 

MM. Henri and Chevalier collected a quantity of the matter 
of expiration of cows which had condensed on the ventilators of 
a cow-house in Paris. It was a colourless liquid having an am- 
moniacal smell. It <ibntained no salt of lime, potash or soda, 
but only salts of ammonia. These salts were. 

Lactate 
Carbonate 
* Acetate ' 

Hippurate 

Also a balsamic volatile body from tlie dung of the cattle in the 
stable. It is more than probable that the ammonia and the 
acids combined owhd their origin to the dung or urine of the 
catfie rather than to what was expired from the lungs.* 

7. The opinion at present entertained rejecting the effect of 
respiration upon the azotic constituent of the air is not very de¬ 
cided. Soipe suppose that the azote of the air is not affected by 

* Joiir. de Phann. xxv. 421. 

4 


1 

V of ammonia. 
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respiration, othets affirm that a portion of it is absorbed as well 
as of the oxygen. "While a third party, and that by far the most • 
numerous, conceive that a portion of azotic gas is emitted from 
the blood in the lungs; that this portion ji^t balances the por-* 
tion of oxygen which has combined with hydrogen, an4 thus pre^ 
vents any diminution in the bulk of the air from.becoming sen** 
sfble. • 

If we adopt the view of Dr*l*riestley and Professor Liebig, ^ 
that a great deal of air is carried to the stomach by«* the saliva, 
and that thiS air makes its way into the blood, and that ite«zo>.«» 
tic portion is emitted in the lungs in a gaseous forn%.we s^e a 
source for t ^9 origin of the azotic gas«t&at m^y be evolved in 
the lungs. * 

It is obvious^ that the 108 cubic inches of air remftining in the 
lungs after a full expiration, must contain less than the normal 
quantity of oxygen. Hence, even admitting that the^ote of 
the air is not affected by respiration, §till the air expired would 
appear to contain an excess of azote, or a greater balk than ex¬ 
ists in common air. I think it not unlikely tliat^his may he the 
reason of the apparent increase of azotic gas in the air expired. 

8. It is most probable that the blood, as it passes through the 
lungs, absorbs oxygen from the air inspired; and that, during 
the circulation of the blood through the capillary vessels, this 
oxygen is converted partly into carbonic acid and partly into wa¬ 
ter. Tiedemann and Gmeliii suppose that this carbonic acid com¬ 
bines with the soda of the blood, and is displaced during the cir- 
(iulation by lactic acid, while the lactate o^soda is decoinposcyl in 
its turn by urea. This hypothesis, or something vqiry like it, has 
been embraced by Dumas. But Liebig’s explanation given above 
is more plausible. We do not know enough respecting the nor¬ 
mal state of the constituents of blood, aconsisting cliiefly of albu¬ 
men and cruorin, to be able to point out the change ejTected by 
this abstraction of carbon and hydrogen.* ^ut there is reason 

* MM. Macuire and Murcet analyzed ^ried arterial^ and venous blood, and 
uuud that V* nous blood contained more carbon endless oxygen than arterial blood. 

Dried arterial blood. Dried venous. 


Carbon,* . 50*2 • 55*7 

Azote, . 16'3 *• 16*2 

Hydrogen, . 6*6 6*4 

Oxygen, 26*3 21*7 

99*4 100*0 


See Mem. de la Sociele de Pbys. et d'Hist. Nat. de Geneve, v. 223. 
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to believe that the oxygen absorbed by the blood in the lungs is 

< the cause why it acts as a stimulus to the heart, ^pd makes it to 
contract For the action of the heart, and consequently the cir¬ 
culation of the,blood, immediately ceases when respiration is pre¬ 
vented. This is doubtless the reason why respiration is so essen- 

< ti^l to life, tha^ when it is suspended for even a ^ery short time, 
death ehsues. 

A great number of experimeiits have been made on the respi¬ 
ration of ii4h^ py Proyon 9 al and Humboldt.* It is well known 
that,t^cse animals require oxygen gas as well as other animals, 
and that jf.,t4e water in which they are be deprived of tlv3 whole 
of its air, they die very^ speedily. Proven 9 al andvHumboldt em¬ 
ployed for their experiments the waters of the Seine. They se¬ 
parated tlm jdr from a quantity of it by boiling, and subjected it 
to a chemical analysis. Ipto another quantity of the same water, 
tenches were put and confined for several hours till they began 
to sufier; they were then withdrawn, and the air separated from 
the water inu, which they liad lived, and subjected to chemical ana- 
lysis.(. In every case a portion, both of oxygen and azote had 
disappeared, and a quantity of carbonic acid liad been formed. 
The following table exhibits the results of a variety of their ex¬ 
periments : 


Nature of 
the gases. 

Gases before expe¬ 
riment. 

• 

s 

%m 

Q 

Difference. 

I bc fishes 
have 

'-Sp* 

to 

Garb, acid produ. 
ced, the oxygen ah. 
sorbed being 100. 

No of fishes 
and time. 

Absorbed. 

• 

0) 

p 

1 

A 

26-7 

S " 

09 fS 

s & 

8 ^ 
IS ^ 

Total, 
Oxygen, 
Azote, 
Carbonic ftc. 

175-0 

52-1 

1159 

70 

135-1 

5-6 

95-8 

38-7 

39-9 


s 

57 

Three tench- 
esduring5 h. 
15 minutes. 

Total,' 



119-6 



D 

a 


Oxygen, 

155-9 

Icisil 

_ 

111-9 


B 

B1 

Seven tench 

Azote, 

347-1 

-249-5 

— 

97-6 


87 

80 

esduringGh. 

Carbonic ac. 



— 

. — 

89-9 

B 

B 


Total, 


153-0 

71-0 



o 

B 


Oxygen, 

155-9 

10-5 

— 

145-4 


H 


Seventench¬ 

Azote, 

347-1 

289-5 


57-6 


40 

91 

es during 5h 

Carbonic ac. 


158-0 

— 

— 


— 

— 



Mem. d’Arcueil, ii. 259. 
8 

















UESPIRATIO^. 


621 
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Nature of 
the gases. 

•Gases before Aipe. 
riment. * 

m 

Ditto after ditto. 

Difference. 

The nshes 
have 

Azote absorbed, the 
oxyg^ being 100. 

Cub. acid produ* 
c^ the oxygen ab« 
•sorbed 4>eing 100. 

• 

No. of fishes 
and time. 

• 

Absorbed. 

• 

Produced. 

• 

_ 

Total, 
Oxygen, 
Azote, 
Carbonic ac. 

483*0 
143*7 
320 0 
19*3 

345*5 

4*2 

294*1 

47*2 

137-5 

750 

84-4 

139< 

25*9 

27-9 

19 

“ 

SI 1 1 

•• 

One tench 
during 17 
hoi^s. 

•• 

• 

Total, 
Oxygen, 
Azote, • 

Carbonic ac. 

483*0 

N3-7 

320*0 

•l9*3 

408*0 

«26 

‘2854 

600 

81*1 

34*6 

40-7 

43 

• 

50 

Three tench* 
ee d%ring 74 
hours. 

‘ • 

Total, 
Oxygen, 
Azote, 
Carbonic %c. 

483 o" 
L43 7 
320 0 
19-3 

.398*6 
40-0 
246-6’ 
112 0 

1037 

73*4 

92-*7 

n 

89 

Three tench- 
es^'during 5 
hoursi 

Total, 

4a3 0 

3725 

j 110-5 

•Ml 

•MM 

•M. 


• 

Oxygen, 

143-7, 

37-8 

1 

105-9 

_ • 

— 

MM 

Two tenches 

Azote, 

320 0 

252-0 


67-1 

MM. 

63 


diMing 7 h.* 

Carbonic ac. 

19-31 

81-8 


— 

62-5 


59 

1 


— - • 

The quantity of gas obtained from the Seine water was, at an 
average, 0*0275 of its bulk, or not quite ^^th part; the average 
quantity of oxygen which this gas contained was 0*310. 

From these experiments it appears, that the respiration of fishes 
diflTers very much from that of other animals. The oxygen is 
not merely converted into carbonic acid, as happens during the 
respiration of men and the larger animals; but a portion of it 
is absorbed and introduced into the systeifi. A portion also of 
azote is absorbed. The quantity of air consumed by^ fishes is ex¬ 
tremely small, when compared with that consumed by terrestrial 
animals. This will appear from the following table, in which 
the bulk of the air consufiicd, and (^•the carbonic acid fornHed 


in an hour, is stated in cubic inches: 


Oxygen in 
air after the 

No, of 

Hours 
the expert. 

Absorption 1 hour 
in cubic inches. 

' Carb. ac. 
produced, in 

Time. 

expert. 

fish.* 

lasted. , 

, Oxygen. 

Azote. 

• 

cub. in. 

28 Feb. 

0-056 

3 


0*0245 

0*0106 

0 0140 

3 March, 

0-151 

7 

6 

0 0221 

0-0192 

0 01J7 

7 March, 

0*034 

• 7 


V— 

mm. 

0*0185 

11 Murc:b, 

0-017 

1 

17 

0<C]tp79 

0*0126 

0*0136 

28 Feb. 

0-178 

3 


0*0298 

0-0123 

0*0150 

24 Feb. 

0*141 

3 

5 

0 0575 

0 0405 

0*0512 

20 Feb. 

0*130 

2 

7 

0*0635 

0039» 

0*0370 


* The numbers in this table indicate cubic centimetres. A cubic centimetre 
is equal to 0*0610 of a cubic inch. 
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From this table^ compared with the facts stated in the preced¬ 
ing part of this section, it follows, that in a gi^em time a man 
consumes 50,000 times as much oxygen gas as a tench. Yet the 
presence of thia principle is equally necessary for the existence 
■of both. 

* ^ The expcriipciits of M. Nysten on the effect of injecting oxy¬ 
gen ga*s into the veins of .living animals, made in 1811, shdw 
that blood readily absorbs this^]^as. It would be an important 
fact if it o^ild.be asqertained whether injections of oxygen gas 
intq.tjfie veins of living animals could be so far sttbstituted for 
respiratipp jis tp prolong the life of the animal. It would be 
difficult, however, to mpke such an experiment in an unexception¬ 
able manner. Were as much oxygeli gas as the blood would 
pcadily ab^rb injected into the veins of an animal, and were the 
animal, together with another in its natural state, plunged into 
a vessel filled with hydrogen gas, it might perhaps be ascertain¬ 
ed whether the former would live longer than the latter. 

An interesting set of experiments, which throws considerable 
ligh/> on respiration, was made by M. Boussingault in 1839. * A 
cow giving milk was fed with a quantity, of food carefully weighed 
out for three days, and the quantity of milk, faeces, and urine 
emitted during that time was also determined. The food per 
day was. 

Potatoes, . . 32*418 lbs. avoirdupois. 

Hay (2d crop) . 16*535 

Water, . . 132*282 


It was necessary to determine how much water the food contain 

ed. It was found to be as follows: 

\ 


Dry. 

The potatoes consisted of, 9*08 lbs. 

+ 

Water. 

23*368 lbs. 

, The hay of, . • 14*22, 

+ 

2*315 

Watel, . . . 23*3p 

( 

* ■» 

II 


25*683 

132*282 

157*965 


So that the dry portion of the food was 23^*3 lbs., and the water 
157*965 lbs. 


The weight of tlie milk, urine, and faeces was as follows- 

h 

•’ Ann. de Cbim. et de Pbys. Ixxi. 113 and 128. 
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• Dry. 

Milk, ,, ^ 18*7 lbs. composed of 2*54 lbs. 

Urine, . ** 18-13 . * . •2-12 

Fasces, . 62-63 . . 8*819 


(523 


Water. 

+ 16*16 
+ • 16*1)1 
+ 54*81 


. Tdtal, 13*479 • ^ * 86*98 , 

Specific gravity of milk, ^ . . * 1*03^ * 

Specific gravity of urine, . . 1^*034 


All of these dry substances were subjected to an ultimate analy¬ 
sis, and found composed as follows:— * 



Potatoes. 

Hay. 

Milk. 

Urine. 

Pieces 

Total 

3 

1 

• 

, lbs. 1 

»• lbs. 

lbs. 

lbs. 

^ lbs.. 


dej^rs. 

Carbon, 

4i004 

6-698 

1-387 

0-578^ 

3-774 

10-702 

5-739 

Hydrogen, . 

0-527 

0-79« 

0-218 

0-055* 

0-45§ 

1-3-23 

0-731 

Azote, . 

0-109 

0-341 

0-102 

0-080 

0-203 

0-450 

0-385 

Oxygen, 

.3-686 

4-9CiP 

0-709 

0 549 

3-325 

8*949 

4-58» 

Salts and earth. 

, 0 454 

1-422 

0-124 

0-849 

1-058 

• 



9-08 

14-22 

2-54 

2-111 

8-818 

4 



The cow neither gained nor lost in weight during^^he experi¬ 
ment. The carbon taken in exceeded that in the dejections by 
nearly 5 lbs. Therefore 5 lbs. of carbon must fia^e been dis¬ 
charged by respiration and transpiration. The hydrogen taken 
in exceeded that in the dejections by nearly half a pound, which 
must have been thrown out in the form of water by respiration 
or transpiration. The difference in the quantity of azote taken 
in and given out is so small that it may be only an error in the 
experiment But, as the quantity taken in is rather greater than 
that given out, we have no reason to conclude that azote is ab¬ 
sorbed by the lungs. • 

Boussingault made a similar experiment on a ho]!^e for three 
days, during which he neither gained nor lost weight The food 
per day was, , • ^ , 


Hay, 

Oats, . * 
Water, . 
The dejections per day were. 
Urine, 

Fffices, , . 


16*54 lbs. 
4*87 

266*11 • 


• • • 

2*928 lbs. sp. gr. 1*064 
3*45 


The composition of food and dejectionS^ 
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Dry. 

c 

» Water. 

Hay, 

14*26 lbs. 


2*28 lbs. 

C^£Lt)S^ 

4*14 

+ 

*0*73 


Dry food, 18*40 


266*11 

■ 

Water, 


269*12 


Dry. 


Water. 

Urine, 

. . 0*339 lbs. 

+ 

2*589 lbs. 

ti c« 

^ . 7*78 


23*67 


8*119 


26*25^ 

The ultimate analysis* gave, 


9 


Hay. Oats. Urine. 

Faeces. 

Total Total dc- 

w 

• a 

lbs. lbs. lbs. 

IbB. 

food. jections. 

Carbon, • . 

6*581 . 2.099 . 0*121 . 

3*001 

. 8*630 . 3*122 

Hydrogen, 

0*718 . 0*265 . 0*013 . 

0*397 

. 0*798 . 0*410 

Azote, 

0*214 . 0*091 . 0*042 . 

0*171 

. 0*305 . 0*213 

Oxygen, 

5*518 . 1519 . 0 038 . 

2*933 

. 7*037 . 2*971 

Ashes, .* “ 

1*283 . 0*166 . 0*123 . 

1*268 

. 1*449 . 1*391 

* 

14*259 4*140 0*337 

7*77 

18219 8*107 

The very same inferences iniiy be drawn from this experiment 


as from that of the cow, A good deal of the carbon and hydro¬ 
gen must esca|)e by the lungs and skin. The azote thrown out 
is rather less than that in the food, but the difference is so small 
that it may be owing to errors in the experiment The water 
taken into the stomach of the 

Cow, , 157*965 lbs. Given out 36*98 lbs. 

Horse, . . 266*11 26*259 

Hence, in twenty-four hours the quantity of water given out by 
respiration and transpiration must have been in the 
Cow, , . , 120*985 lbs. 

Horse, . . ^ 239*86 

This'is a much greater quantity, than we were prepared to ex¬ 
pect. 

Dr Goodwyn has shown very clearly that black bipod does not 
stimulate the heart to contract; but that red blood does.* 

The blood is a fluid of so complex a nature that it is not easy 
to ascertain the changes product in it by exposure to different 
gases out of the body; and even if that could be done, we have 

* See the fourth section of his work on the Connection of Life loith Bespiration. 
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no method of proyng that the effects of these gaseous bodies up¬ 
on the coagjila^d blood are the same as they would be on the 
blood in its natural state, circiflating iif the vessels of a •living 
animal. The facts which have been ascertained are the follow¬ 
ing : 

It appears from thejexperintents of Priestley, Glrtanner, 
and Hassenfratz, that when venous blood is exposed to <^ygcn 
gas confined over it, the blood instantly assumes a scarlet colour. 
Davy could not perceive any sensible diminution of t^ bulk of 
the gas. • * 

2d, T|}e same change of colour takes place when bl<md is ex¬ 
posed to comnfoji airT In this case a quantity of carbonic adid 
gas is formed, and a quantity of oxygen gas, exactly equal tcT it 
in bulk, disappears; making allowance for the small quantity of^ 
carbonic acid, wHlch we may suppose to be absorbed by*the blood 
itself. 

Zd, Venous blood exposed to the action of azotic gas*conti- 
nues unaltered in colour; neither does hny perceptibly diminu¬ 
tion of the gas ensue. 

4^/^. Venous blood exposed to the action of nitrofis gas t)e- 
comes of a deep purple, and about*one-eighth of the gas is ab¬ 
sorbed. 

5th. Venous blood exposed to nitrous oxide becomes of a 
brighter purple, especially on the surface, and a considerable 
portion of the gas is absorbed. 

5th. Venous blood exposed to carbonic acid gas becomes of a 
brownish-red colour, much darker tlian us^, and the gas is 
slightly diminished in bulk. • 

^th. Carburetted hydrogen gas gives venous blood* a fine red 
colour, a shade darker than oxygen gas does, as was first observ¬ 
ed by Dr Beddoes, and at t^e same time a small portion of th^ 
gas is absorbed. This gas l^as the property of preventing, or at 
least greatly retarding the pnlj^efaetion of blood, as was drst ob¬ 
served by Mr Watt.* * 

5th. Whqn arterial blood is put in qpntact vgith azotic gas, or 
carbonic acid gas^ it gradually assumes the dark colour of venou# 
blood, as Dr Priestley/ound.f The same philosopher also ob¬ 
served, that arterial blood acquired thd colour of venous blood 
when placed in vacuo.% Consequently this alteration of colour 

* Davy's Researches, p. 380. f Priestley, iii. 368. 

t Priestley, iii. 363, and Ann. de Chim. ix. 269. 
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is owing to some change which takes place in ^he blood itself, in¬ 
dependent of any external agent. * 

Thd arterial blood becomes much more rapidly and deeply 
dark coloured when it is left in contact with hydrogen gas placed 
above it.*^ We must suppose, therefore, that the presence of this 
^as accelerates and increases the change, which would have taken 
place upon the blood without any external agent. 

9#A. If . arterial blood be IMt in contact with oxygen gas, it 
gradual!;^ assumes the same dark colour which it would have ac¬ 
quired in vacuo, or in contact with hydrogen; and after this 
change oxygen can no longer restore its scarlet colour.^ There¬ 
fore it is only upon a part of the blood that the oxygen acts; 
and after this part has undergone the change which occasions 
the dark .t olour, the blood loses the power of being affected by 
oxygen 

1 0th. Mr Hassenfratz poxupcd into venous blood a quantity of 
chlorine; the blood was instantly decomposed, and assumed a 
deep and* almost black colour. When he poured common mu¬ 
riatic acid, into blood, the colour was not altered4 

ll^A. But one of the great purjioses which respiration serves is 
the evolution of Iteat. The 'temperature of all animals depends 
upon it. It has been long known that those animals which do 
not breathe have a temperature but very little superior to the me¬ 
dium in which they live. This is the case with fishes and many 
insects. Man, on the contrary, and quadrupeds, which breathe, 
have a temperature considerably higher than the atmosphere: 
that of man is fS®.- Birds, which breathe in proportion a still 
greater quantity of .air than man, have a temperature equal to 
10.3® .r 104®. 

Before attempting to give a theory of animal heat, it may be 
worth while to state thf' most important facts that have been as¬ 
certained respecting the temperat’rre of man and the inferior 
animals 

The internal temperature of an adult man in a temperate cli¬ 
mate is about 98®. When’ he passes from a cold *o a hot cli- 
Ihate his temperature rises to 98^® or even to 101®. In general 
the heat under the tongue is 98®, and that in the arm-pit 97® or 
96^®. But Deluc assures us that, if a thermometer be kept an 
hour in the arm-pit, it rises to 98®. There seems no difference 
in the mean temperature of the different races of men. 

* Foiircroy, Ibid. vii. p. 149. t Ibid. ix. p. 268. t Ibid. v 
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The human bo4y does not seem capable of bearing exposure 
to a cold of. 17*.^, uhless counteracted by active motion, withojat . 
losing the sensibility and the life of the part thus exposed.* Nor 
can it bear long exposure to a heat of 97®, without pernicious 
effects. Lemonnier staid half an hour each ^y fm* twenty-eight * 
days in a bath, fapated to 100** without inconvemenpd. lie thei^ * 
went into a bath of 112®. In six minutes sweat ran down his 
face, and his body was red and s^^lled. After seven minutes he 
was in a violent agitation, the pulse quick ^nd str^ng^vmd dur¬ 
ing the eightlp minute he was attacked by giddiness; which, gb- ^ 
liged hin^to come out* of the bath.* Dr Berge^ cqu14«bear^a 
bath of 108® only for ten minutes. His ppTse rpse from 80 to 
112. Berger and Delarofthe suffered little from ten minutes 
continuance in a dry stove heated to 175°, and from tl^teen mi- • 
iiutes continuance in a vapour bath of lQ2^®.t • 

The experiments of Dr Fordyce, Dr Blagden, Sir Joseph 
Banks, &:c. in 1775 are well-known. They went into a room 
heated to 260®, and staid in it for a considerable time without 
inconvenience. From some of their experiments^ pi|rticiila(ly 
those of Dr Fordyce, in which the room was heated by the va¬ 
pour of water, it would seem to follow that the human body in 
certain circumstances, has the power of generating cold.^ 

The heat of new-born children is higher than that of adults, 
being 98®.5 or 99°. According to the observations of John Hun¬ 
ter the heat, when wc are asleep, is less than when we are awake. 

Dr John Davy made a set of observations on the temperature 
of various parts of his body in the morning when coming out of 


bed, which it may be worth while to state: 

Middle of the sole of the foot, . 90° 

Heel under the tendf* AchilliSf . 93 

Shin bone, . • . , 91^ 

Calf of the leg, *- . . 93 

Ham, - • . • . 95* 

Above the artery of the thigh, . 94 

Mid(ile of the rectus muscle of the thigh, 91 
Groin, .... 96*5 

Quarter of au icich above the navel, . 95 

Above the 6th left rib, . *• . 94 

Above the 6lh right rib, . . 93 


• Berger; Memoires de la Society de Physique et d’Hist. Natvirelle de Ge¬ 
neve, vi. p. 320. 
t Ibid. p. 326. 


t Phil. Trans. 1785| pp. 111^ 484. 
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Ur Davy ascertained also that arterial blood in a healthy ani- 
i^al is 1® or 1®.5 hotter than venous blood. 

The following observations were made on a female: 

Heat m the female bladder^ . . 101^® 

vagina^ . * 101 

rectum, ... . . lOO-Jr 

mouthy • • d9 

arm-pit, ** . . . 97*61 


*4m 

444 


Accoidiug to Dr Merger, when an animal is in a dormant state, 
itdoses three-fourths of its natural heat, reckoning from 32®. * 
In asphyxia, syncope, gangrene, and sphacelus, the h'^at of the 
body diminishes. During a pleurisy in Minoroa the heat of the 
patient was from 102® to 104®.t A soldier at Colchester, while 
. ill of th^'Walcheren intermittent fever, had his skin of the tem- 
peratu^'e 102®. But after the affusion of cold water it sunk to 
97®. The headach disappeared, and a gentle moisture came 
out on the 8kin.| In intermittents, according to Schwenkie, the 
heat of the skin varies from 100® to 108",§ while De Haen states 
tV heat in continued fevers to be as high as 109°. jj Dr Currie 
states from his own observations that in scarlatina the heat of the 
skin varies from 106° to 112°.f While, according to Chisholm, 
it varies in inflammatory fever from 99® to 112°.** Dr Berger 
states the heat of an abscess in the thigh at 100°tt 

Such are the most impprtant facts which have been ascertain¬ 
ed respecting the heat of the human body in health and disease. 
I shall now state the temperatures of various inferior animals, as 
they have been collected by the industry of Dr Berger.. 


Apes. 

Simla Ayg^ula (ann«pit), 104®A and 
101®. John Davy. 

Gallitriche (rectum), 96®. 

Carnivorous Quadrupeds. 
Mean heat of these animals, 
103 ^« 25 « 

Cat, 101® to 108®. Pulse, 100. 
Panther, 102®. 


Young tiger, 99®. 

Jackal, 101®. 

Bat, 100® to 101®. 

Viverra Monzos, 103®. 
Qogagedthreemonths, 103°.064.§§ 
An adult male cat, 103®.604.|| || 

Gnawers. 

Mean heat, 102®.4. 

Rabbit, 99®.d. 


* Memoires de la Sodeti de Physique, et d'Hist Nat'de Geneve, vii. 310. 
f Edin. E 88 S 3 r 8 , ii. Art. 89. | Berger, Ibid. p. 814. 

$ Haller, Elem. Phys. fi 86. || Haller, Ibid. 

q Reports, ii. 428. ** Berger, tt&t aufam, p. 318. ff Ibid. p. 317. 

Mem. de la Societd de l%ys. et de’Hist Nat de Geneve, vi. 310. 

§§ Despreti^ Ann. de Chim. et de Phys. xxvi. 338. 

HI IMd. 
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Cabiais, 102*. Pulst, 140. 

Guinea pi^, 1,01^4. • 

Adult guinea pigt 96^368. * • 

Squirrel, 102®. 

Rat, 102®. 

Mouse, 99. 

Marmot, when lively, 101*. When 
torpid, 67®, or even as low* as 
41®.5. 


PachydermcUa, 
Elephant, 99®.5. 

Sow, 104® to 107®.+ 
Boar, 104®. * 


RumiMintia. * 
Elk, 103®. • 


Cliamois,105®. In vagina, 104'Tr5. 
Ox, 101® to 103.® 

Calf 103® to 105®* In vagina, 
101®.75,104®. 

Goat, 104°. • 


Sheep, 104® to 105®.^ In vagina, 
105®, 104®.33. 

Lambs) 106®. • 

Cow with calf, in vagina, l02°.75. 


SolipeSes, 

Horse, 100®.4 to 103®. § • 

Ass, 97® to 99°.S. , 

* 

* Cetacea. 

"Roipois, 100®. • 

Mean of cetacea, 101®.^ 

* ^ • ** * 

Mean heat of Qwdrupedsm 

Monkeys, . , *99®.7 

Carnivorousquadfupeds, i03®.964 
Gnawers,* •. 101®.939 

Pachydermata, . 105“.231 

Rummantia, . , 104®.029 

Solipedes, . •* 99®.644* 

Amphibia and cetacea, •101®.5 


If we reckon the number of re^iraljons in these animals 1, 
the beats of the pulse will be 3^, or there are 3^ baats of the 
pulse for every respiration. . • • 

Birds of Prey. Herons and birds frequenting 

Mean heat, 104°.528. marshes, 107®. 194. 

Piew, 106®.689. Domestic fowls, 107°.24. 

Waterfowl, i08“.361. Fasseres, I09®.7l. 


The following temperature of birds was determined by M. 
Despretz: |] 


Two adult ravens, 109®.238 
Four young owls (flying 
well), . . 105®.638 

An adult owl, . 106®.646 

An adult flilcon, . 106®.646 

Three pigeons, . 109®.346 

Three young sparrows, 102®.344 
An old sparrow, . 107®. ® 

Ditto, older, . 107°..^8 

An old yellow hammer, 109®. 184 
Two young crows, . 106®. 16(? 

Frogs and Sea Tortoises. 
They have a temperature of about 
5” above that of the lur in which 


they live. Sir A. Carlisle found 
a frog 8®d)igher than the air .IT 

• 

Reptiles. • 

Testudo midas, 84® to 85®. 

? ^cometrica, 62".5. 

^ ateria, 54“ to 65". 

Rana ^ntricosa, 77®. • 

Frogs, 3®.7 above the air. 

3!'oad, 44®, the air being 36®. 
Crocodile, 60®.* Air, 37®.^. 
Lacerta agilis, 71®. Air, 63®.5. 
Greey lizzard, p8*. Air, 68®.5. 
Proteus anguinus, same as that of 
the air. * 


• • 

* Despretz, Ann. de Chim. et de Phys. xxvi. 3S8. 
t Carlisle, Phil. Trans. 1805, p. 22. t § Ibid. 

II Ann. de Chim. et de Phys. xxvi. 3^8 • 

\ Phil. Trans. 1805, p. 22. 
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Serpents. 

Viper, 68“. Air, 58®. John Hun¬ 
ter. , 

Green serpent, 88°. Air, 81“.S. 

About 0“.85 above that of the wa¬ 
ter in which they live. 

Two ca.-p8, * 53*042 * 

Two tenches, . 58*772f^ 

Water in which these fish 

lived, r • 51*494^ 


Insects. 

CaterpUlarb have a higher tem¬ 
perature than'the same insects 
in the state of butterfly or chry- 
salis.^ 

Bee-hive, 88°. John Hunter. 

Snaik (Helix pomatia), 57°.66. 
Air, 55°.4. 

Oyster, 82“ on the sea-shore Cey¬ 
lon. 

Leech, same as that of the me¬ 
dium. * 


these few years very delicate experimeuts have been 
made by,Becquerel, Brescbet, &c. upon the temperature of dif¬ 
ferent internal part^ of the body by means of tb£»nno-electricity. 
Two wires of different metals are soldered together and con- 
.nected with a magneto-electric multiplier. The extremities of 
these wires are pluixged.mto the part of the body whose tempe¬ 


rature is wanted, the deviation of the needle marked, and water 
heated' till it produce the same deviation. It is obvious that the 
internal part of the body experimented upon has in this case the 
same temperature as that of the water. The following tables 
exhibit the result of a set of experiments made by MM. Bccquc- 
rcl and Brescbet upon three Individuals distinguished by the let¬ 
ters A, B, and C. A and B were 20 years of age each, while C 


was 25.11 


First series of experiments. Temperature of air 53®. 


Biceps of the arm of A, 

97°. 75 

Slack dog. 


Adjacent cellular tissue. 

94 *46 

Flexor muscle of thigh, . 

I0JM*2 

Mouth, . 

98 ‘24 

Cellular tissue of neck, . 

98 *60 

Biceps of the arm of B, a 

98 *29 

Abdomen, 

101 ‘30 

ACjacent cellular tissue, 

95 *81 

Thorax, 

101 *12 

Mouth, 1 

98 *06 



Biceps of C, 

98 *186 

Another dog. 


Cellular tissue, 

95 ’63 

Muscle of thigh, 

100°.40 

Mouth, 

98 -60 

Thorax, 

98 *60 

■ 


Abdomen, 

100 *58 

Second series of experiments. 

Temperature of air 

53®. 

Biceps ninsde of B, 

89°.294 

Cellular tissue. 

95°.954 

Cellular tissue. 

96 044 



Calf of leg, 

98 *42 

Slack dog. 


Mouth, 

98 ‘60 

Muscle of thigb. 

lOl^-dS 

Biceps of C, 

98 *42 



Third series of experiments. 


Mouth of B, . 

^°.S3 

Cellular tissue, 

95°.864 

Mouth of A, 

*^8 *51 

Carp ( CiprinuH carpw). 

. 56 .30 

Mouth of B, 

98 ‘60 

Water, 

55 .40 

Biceps of B#- 

98 *78 



* DeB|)retz, Ann. de Chim. rt dc Phys. xxvi. 398. f Ibid. 

t Ibid. 


$ Ibid. 11 Bec^uerel, Traits dc I’Electricitd, iv. p. 17, 
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JFourth series of experiments. 

Poodh^og. * ThonuQ . * 101°.93 

Muscle of thigb, . 100”.85 * Brain, * . . 401 ‘0B 

Becquerel found that when the muscles were made to contract, 
their temperature was increased about 0®,9.* If while the wire , 
is in the biceps muscle of tjic arm* the individual experimented , 
on*saws a piece of wood for about five minutes with thsA arm* 
the temperature increases about 18^. Agitation, motion, and in 
general every thing which occasions an afflux of blgod has a 
tendency to noise the temperature of a m^cle. \S^en an ar¬ 
tery goii}g to a muscl^ is compressed so as to diminish th^ Sow * 
of blood to it, tjjc temperature of the muscle rintfs. ’ * 

12. Ever since the publication of Mayow’s tracts, or at Idhst 
ever since the speculations of J)r Bliick on heat, bcc^^me known 
to chemists, it hiSs been tlfe general opinion of physiologists thaf 
animal heat is*generated by respiration. And in the year 1777, the 
theory of Dr Black, respecting latent and specific heat, Wtis ap¬ 
plied to the explanation of respiration "by Dr Adair^ Crawford. 
The experiments on the specific heat of the gases, upon which 
Dr Crawford’s Theory of Animal Heat is founded* v?bre repeat¬ 
ed by him again in London, with greater care and with a better 
apparatus, and the errors into which he had fallen, (which, how¬ 
ever, did not affect his theory,) were corrected in the second edi¬ 
tion of his work, published in 1788, 

Dr Crawford’s theory of animal heat was generally adopted 
by physiologists till the publication in 1812 of Sir Benjamin 
Brodie’s very curious and important experiments on the influ¬ 
ence of the brain in the production of animal lieat.* These dX- 
periments show tliat the action of the brain or the nertous energy 
has considerable influence on the production of animal heat He 
considered it as proved, tligt the volucie of air was not altercfjl 
by respiration, and that no i>thcr change took place in it except 
the substitution of carbonic aejid gas for an equal volumt9of oxy¬ 
gen gas which had disappeared. His experimenfk were made upon 
rabbits. • • • • 

(1.) A rabbit whose volume was 50 cubic inches in tliirty mi¬ 
nutes converted 25*3 ^ubic inches of c^ygen gas into carbonic 
acid. 

(2.) A rabbit of the volume 48 cubic inches in thirty minutes 
converted 28*22 cubic inches of oxygen into carbonic* acid. 


* Phil. Trans. 1812, p. 378. 
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(3.) A rabbit of the voluine 48 cubic inchesp in thirty minutes 
converted 28*22 cubic inches of oxygen into caiihonic acid. 

The' mean of these tlfiree experiments gives the consumption 
of oxygen gas by the respiration of a rabbit, to amount to 27*25 
‘ cubic inches, or at the rate of 54^ cubic inches in the hour. 
]^ow, it lias been stated above that the mean quantity of carbo¬ 
nic acid gas formed by the respiration of a man in an hour is 
373*24 cubic inches, which is' almost seven times greater than 
the quantjly iprmed ]by the respiration of the rabbit. The ave¬ 
rage specific gravity of ten men tried by Mr KoberVIson was 0*89, 
and tl^ average weight of each 145*9 Ibs.i^ or 4545 cubie inchei^* 
or more than ninety-two times the bulk. Thus, Fit appears, (sup¬ 
posing Brodie’s experiments to appfoach accuracy,) that the 
quantity of carbonic acid formed by the respiration of the rab-; 
bit is more than ten times as great (making allowance for the 
difierence of bulk) as in man. 

(l.)*^Mr Brodie having procured two rabbits of the same size 
and colour, divided the spinal marrow in the upper part of the 
neck of oqe of them. An opening was made in the trachea by 
means of which artificial breathing was kept up for half an hour. 
The heat of the rectum at the commencement of the experiment 
was 97®, at its termination 90®. The carbonic acid gas formed 
was 20*24 cubic inches, or about one-fourth less than in the liv¬ 
ing rabbit. The second rabbit killed at the same time, and in 
the same way, was placed in the same circumstances with the 
first, but without artificial respiration. At the end of the half 
hour, the thermomet3r in its rectum stood at 91®. 

(2.) Two rabbits were killed by inoculation with woorara poi¬ 
son. In the first the lungs were inflated by artificial inspiration 
for half an hour. The thermometer in the rectum sunk from 
C8® to 91®. The carbonic acid formed was 25*55 cubic inches, 
or only one-sixteenth less than the nrormal quantity. The second 
rabbit was placed in exactly the same circumstances, but without 
artificial respiration. In half an hour, the thermometer in the 
rectum sunk to 92®. * 

' (3.) Two rabbits were killed by woorara. In'one the respira¬ 
tion was kept up artificially for thirty-five minutes. The ther¬ 
mometer in the rectum' sunk from 97® to 90®. The carbonic 
acid form^ was 31*75 cubic inches, which is at the rate of 


* Phil. Trans. 1757, p. SO. 
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27*22 cubic inches in half an hour, or almost exactly the nor¬ 
mal quantity. •The Second rahhit was placed in exactly the same • 
drcumstances, hut without artificial respiration. The thermo¬ 
meter in the rectum sunk in thirty-five nunutes 90®5. 

(4.) The experiment was repeated on another rahhit killed hjr* 
the essential oiUof hitter almonds! In half ati l^our,*the the|^-« 
nfometer in the rectum sunk to 90®. • The carbonic acid^volved 
during the artificial respiration ^&s 28*275 cubic indies, or some¬ 
what more than the normal quantity. , i 

If the accuracy of these experiments may be depended pp, it^ 
seems te follow froipd;hem, that the chemical cliange%g 9 ing on 
in the lungs ^ not the source of the hqpf of me animal, ^ut 
it must not be concealed that they were repeated and varied by 
M. Legallois, who obtained difierent results. He fopnd, in moi||: 
cases, that when artificial respiration is kept up in a dead ani¬ 
mal, the animal heat continues higher than when the lungs are 
not inflated. The result of his experiments was, that iifgeneral 
the heat of animals is directly proportional to the .quantity of 
oxygen which they consume in a ^ven time.* ^ ^ , 

The experiments of Legallois agree well with those of Des- 
pretZjf which are the most elaborate hitherto made upon respi¬ 
ration, and of which 1 shall now proceed to give an account. 

13. According to Dr Black, part of the latent heat of the air 
inspired becomes sensible; and of course the temperature of the 
lungs, and the blood that passes through them, must be raised; 
and the blood thus heated, communicates its heat to the whole 
body. This opinion was ingenious, but ibwas liable to an un¬ 
answerable objection; for if it were true, the temperature of*the 
body ought to be greatest in the lungs, and to diminish gradual¬ 
ly as the distance from the lungs increases, which is not true. 
The theory, in consequence, was ab^Chdoned even by Dr Black 
himself, at least he made no attempt to support it: 

Dr Crawford, who considered all the changes opera&d by res¬ 
piration as taking place in the lungs, accounted for the origin of 
the animaA heat almost precisely iif the same way with Dr Black. 
According to him, the oxygen gas of the air combines in nhe 
lungs with the carbwn emitted by th^ blood. During this com¬ 
bination, the oxygen gives out a greaf quantity of caloric, with 

* Ann de Chim et de Phys. xxvi. 342. * 

t Ibid xxvi. 337. 
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wluch it had been combined; and this caloric is not only suffi¬ 
cient to support the temperature of the body, but |dso to carry off 
the neW-formed water in the state of vapour, and to raise consi¬ 
derably the temperature of the air inspired, According to this 
^philosopher, then, the whole of the caloric which supports the 
temperature of the body is evolved in the lungs. ^ His theory ac- 
cordin^y was liable to the^same objection with Dr Black’s; but 
Dr Crawfmsd obviated it in tlic following manner: He found 
that the sp^tgcifip caloric of arterial blood was 1*0300, while that 
of yepous blood was only 0*8928. Hence, he concliicded, that the 
instant .yenous blood is changed into arterial blood, its^ specific 
caloric increases; cdn^quently it requires an additional quan¬ 
tity of caloric to keep its temperature as high as it had been 
yrhile venous blood. This addition is so great, that the whole 
new caloric evolved is employed: therefore, the temperature of 
the lungs must necessarily remain the same as that of the rest of 
the body. During the circulation, arterial blood is gradually 
converted linto venous; consequently, its specific caloric dimi¬ 
nishes, and it must give out heat. This is the reason that the 
temperature of the extreme parts of the body docs not diminish. 

Lavoisier, who was the first person that ascertained the com¬ 
position of carbonic acid gas, considered the phenomena of res¬ 
piration as analogous to combustion. How, when oxygen com¬ 
bines rapidly with carbon or hydrogen, combustion takes place 
and heat is evolved. The evolution of heat in the lungs by the 
combination of the carbon of the blood with the oxygen of the 
atmosphere is analogous to combustion. 

(1.) It follows, from the experiments of M. Despretz, that du¬ 
ring the combustion of an avoirdupois pound of carbon, the 
quantity of heat evolved is sufficient to melt 104*2 lbs. of ice. 
Now, if the latent heat of-water be ?i40% 104*2 lbs. of ice will 
require to melt 14,588 degrees of heat, or, in other words, the 
heat evolved during the combustion> of a pound of carbon would 
heat a pound of water 14,588**. 

(2.) The oxygen gas requidte to consume a pound of carbon 
amounts to 2| lbs., which is equivalent to 55,082 cubic inches 
at the temperature of BO*’;' This oxygen gis combines with car¬ 
bon, and is converted into its own volume of carbonic acid gas. 

(3.) 55,082 cubic inches of oxygen gas when converted into 
carbonic acid gas give out 14,588° of heat; consequently, every 
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3| cubic inches oH oxygen gas, when converted into carbonic acid 
gas, ^ve out ]l®.of Beat • , • 

(4.) From the experiments ot Despretz, it farther appears, that 
when a pound of hydrogen is burnt, a quantity of heat is evolv¬ 
ed, capable of melting 315*2 Ibs.^ of ice, or the heat evolved* 
would heat one 4 )ound of water 44,128 degrees., But for thj^ • 
cdhibustion eight pounds of oxygen gas are required. Now eight 
pounds of oxygen gas are equifdlent to 165,246 cubic inches. 
Hence every 3^ cubic inches of oxygen g^, wheq thjjy combine 
with hydrogeh, evolve 1® of heat It would appear Ironj^his^, 
that the»hcat evolve j during the combustion of cari)Q««%nd hy¬ 
drogen, is proportional to the quantity of pxygen gas consumed. 

These preliminary obsefvatious were necessary to enable us to 
understand the experiments of Despretz. j. • 

(1.) A ral^it was made to breathe during an hour and thirty- 
six minutes inclosed in a copper vessel, air-tight, but connected 
with two air-holders, by means of which a regular current of air 
was made to pass through the vessel. Tliis air, after respiration, 
jMisscd through a serpentine worm twelve feet long aiq^ surround¬ 
ed with water, which cooled it to the same degree as when ad¬ 
mitted to the vessel containing the animal. The volume of air 
respired was 2929 cubic inches. It was reduced by the breath¬ 
ing to 2919*5 cubic inches. The loss of volume was 9*5 cubic 
inches, or about ^ofth of the original volume. The proportion 
of azotic gas was increased by 51*2 cubic inches. The elevation 
of temperature of the water gave the quantity of Iieat withdrawn 
from the animal by respiration, &c. 66 1bs.*avoirdupois of water 
were heated 1°.26, or the quantity of heat given out by the ani¬ 
mal in one hour and thirty-five minutes would have elevated the 
temperature of one pound of water 70.® 84. The quantity of oxy¬ 
gen gas consumed was 24>*5 cubic infehes. Of these 187*7 cubic 
inches were converted into carbonic acid,* and DeiSpretz supposes 
that the other 59*8 cubic inahes* combined w^):h hydrogen, and 
were converted into water. 

Now ww have stated above thaf ^ cubic*inches of oxygen 
when combined by combustion with carbon or hydrogen woifld 
evolve 1® of heat Hence 247*5 cubic? inches would evolve 66®. 
The heat actually given out by the animal was 70® *84, or 4®.8 

* This is more than double the quantity of carbonic acid obtaiiied by Sir B. 
Brodic in his experiments. 
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more than would have been produced by the i;;uantity of oxygen 
actually consumed. * " . ^ ^ 

(2.) ^ The experiment was repeated with the same rabbit The 
heat given out by the animal during the experiment, being 100% 
* that furnished by the oxygen gas converted into carbonic acid 
' pras, . r * . 64®.9 

By the oxygen which formed water, . 20 *9 * 

• Total, . 85 *8 

SOfthat 14%*2 of the heat was due to other processes. 

,small rabbits fourteen days old were inclosed in the 
vessel for two hours and five minutes.. The air«'passed through 
the vessel was 3019 cubic inches. If was reduced after the pro- 
(Cess to 29.1^1 cubic inches. So that 48 cubic inches had disap¬ 
peared. • The oxygen gas consumed was 254*6 cubic inches, and 
the carbonic acid formed amounted to 180*3 cubie inches, so 
that 74*3 cubic inches of oxygen must have gone to the forma¬ 
tion of water. 

-45*9 lbs, avoirdupois of water were heated P.796, or 1 lb. of 
water would have been heated 82®*43. 

But the oxygen consumed would have evolved 67®.9, of which 
48® is due to the formation of carbonic acid, and 19®.9 to the 
formation of water. The heated evolved exceeds by 14®,5, what 
could have been produced by the formation of carbonic acid and 
water. 

(4.) A male rabbit evolved 100® heat, of which 68®.3 were 
due to the formatiomof carbonic acid, and 18®.4 to that of water. 
The 13®. 3 were in excess. 

(5.) Three male guinea pigs were enclosed in the apparatus 
for one hour and fifty-four minutes. The air which passed through 
the vessel was 2932 cubic inches, the oxygen gas consumed 
was 201*32 cubic inches, and the carbonic acid gas formed was 
157*93 mibic inches, so that 43*39 cubic inches of oxygen went 
to the formation of water. 

The air by the process'b&came 2951*8 cubic inches, or the 
bfdk increased by 19*8 cubic inches. 

By the animal heat evolved during the experiment 51*38 lbs. 
avoirdupois of water were heated 1®.15. So that one pound 
would have been heated 59°. 19. 

»I 

The heat formed during the formation of the carbonic acid 
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was 42M, and during the formation of the water 11^6, making 
together 53PJ7 i ^ that the heat evolved exceeded the heat ge- • 
nerated by respiration by 5®.4.* * 

(6.) Three female guinea pigs were confined in Jthe apparatus. 
Heat evolved 100°, heat due to the formation of carbonic * 
acid 69®.6, to th^t of water «19°.3. *Botb 88*9, 6r ],l°.l less tha^j 
the heat evolved by the animal. , * 

(7.) A dog aged five years wasyut into the apparatus. The ex¬ 
periment lasted one hour and thirty-one miputea ^Th^air which 
passed tlu^ough the vessel containing the dog was 2908*3 ^i^bic 
inches; 4he volume of this air by tbe breatbing^of tha dpg was 
reduced to 28Sk*2 cubic inches, so that |Hb diminution of vo¬ 
lume was 27*1 cubic inches, or rather less than 1 per cent 
The oxygen gas consumed was 340*76 cubic iip^hes ; tha 
rarlwnic acid formed was* 229*94 cubic; inches. Hence 110*82 
cubic inches of the oxygen must have gone to the formation of 
water. 

The heat evolved raised the temperature of 55*97* lbs. avoir¬ 
dupois of water 1°.98. Or it would have raised, t^e tempera¬ 
ture of 1 lb. of water 110°.8. 

The heat evolved by the formation of tbe carbonic acid is 
61°.3, and that by formation of water 29*.56, making together 
90°.8, or 20® less than the actual heat evolved. 

(8.) A dog of eight montlis was enclosed in the apparatus for 
one hour, forty-two minutes. The volume of air used was 2922*6 
cubic inches, reduced by the breathing of the dog to 2885*4 cu¬ 
bic inches. The loss was 37*2 cubic inches^ or altout part 
The oxygen exjnsumed was 254*35 cubic inches ; the carbo¬ 
nic acid formed was 169*47 cubic inches, so that 84*88 cubic 
inches of the oxygen must have been consumed in forming water. 

The heat evolved heatod 46 lbs. avoirdupois of water 1*98, 
or it would have raised th«k temperature of 1 lb. of water 88°. 7 6. 

The heat evolved by the Aforihation of the carbonic acid gas 
was 45®.19; and that by the formation of water 22°.63; mak¬ 
ing together 67°.82, or 20°.94 less*tban the actual heat evolved. 

During this experiment there were 46*44 cubic inches of azo¬ 
tic gas evolved. » • 

(9.) Two dogs six weeks old were ehclosed in the apparatus. 
The experiment lasted one hour and forty-two minutes. The vo¬ 
lume of air used was 2871*6 cubic inches. It was reduced by 
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breathing tb 2803*5 cubic inches; so that 68 vl cubic inches, or 

• abput of the whoie disappeared during the breathing. The 
azotic gas of the air breaiiied was increased by 66'94 cubic inches. 

The oxygen consumed was 380*37 cubic inches; the carbo- 
' me acid formed was 245*2 cubic inches. Hence 135*17 cubic 

* ipches oi the oxyjgen must have been consumed, in the formation 
of water. 

The heat evolved by the dbjgs raised the temperature of 56 
lbs. avoirdupois of waiter 2®.43, or would have raised the heat of 
, 1 Ikrof wat^r 136®. 

The^ heat evolved by the formation of the carbonic acid was 
65°.39, and that by'the formation of water 36®,^, making to¬ 
gether 101°.43. This is 34^.57 leSs than the heat actually 
evolved. 

(10.) .A male cat, morj3 than two ye^ of age, was enclosed in 
the apparatus. The experiment lasted one hour arid thirty-five 
minutea The quantity of air used was 2922*2 cubic inches. 
It was reduced by the breathing of the cat to 2901 cubic inches, 
so that the^loss of volume was 21*2 cubic inches, or about | Juth 
of the original volume. The proportion of azote in the air re¬ 
spired was increased by 31*97 cubic inches. 

The oxygen consumed was 178*8 cubic inches; the carbo¬ 
nic acid formed was 125*7 cubic inches ; so that 53*1 cubic in¬ 
ches of the oxygen must have been consumed in the formation 
of water. 

The heat evolved heated 56 lbs. avoirdupois of water, 1'».044; 
or it would have raised the temperature of 1 lb. of water, 58®.46. 

The heat evolved by the formation of the carbonic acid was 
33®.52, and that by the formation of water was 14®.16; making 
together 47‘*.68, or 10®.78 less than the heat actually evolved. 

'• (11.) Three adult mak" pigeons w<a*e put into the apparatus. 
The experiment lasted one hour and thirty-two minutes. The 
volume ‘of air used was 2909*3 ci'.bic inches. It was reduced 
by the breathing of the animal to 2907*9 cubic indies. So that 
the loss of volume was 1*4 cubic inches, or about ^.^wth of the 
original quantity. The proportion of azotic gas in the air re¬ 
spired was increased by ^*33 cubic inche& 

The oxygen gas consumed was 194*4 cubic inches ; the car¬ 
bonic acid formed was 149®.5: so that 44*9 cubic inches of the 
oxygen gas must have been consumed in the formation of water. 
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The heat evolved heated 56 lbs. avoirdupois of water 1®,159, 
or it would hairiB raised the temperatu^ of 1 lb. of water 64°,9. • 
The heat evolved by the formation of carbonic acid ^aa was 
3°.87, and that by the formation of water was •! 1®.97 ; mak¬ 
ing together 51®.84, or 13®.l less than the heat actually evolved.* 
(12.) An adult duck was experimented on*inJ;he same way.* 
If we suppose the heat evolved to have been 100®; that* result¬ 
ing from the formation of carbdiiic acid will be 60®«5, and that 
from the formation of water 19®.2; making togetb(0r^79*7, or 
20®.3 less thdn the heat actually evolved. • • • * 

(13.)«An adult cqpk was experimented on in the i^VQjvay. If 
we suppose the4ieat evolved to have been ;* that evolved by 
the formation of carbonic flcid will be 60®.5, and that from the fw- 


niation of wiiter 19®.2 ; making together 79®, o^, 20°.3 leas 
than the heat actually evolved. . • 

(14.) An adult Virginian duck was enclosed in the a{>paratus. 
The experiment lasted one hour and twenty-five minutes. The 
volume of air employed was 2937*5 cubic inches, reduced by the 
breathing of the animal to 2919*3 cubic inches^ ^The loss of 
volume was 18*2 cubic inches, or about jJ-f of the original vo¬ 
lume. The proportion of azotic gas in the air respired was in¬ 
creased by 44*.36 cubic inches. 

The oxygen gas consumed was 160*35 cubic inches. The 
carbonic acid formed was 97*71 cubic inches; so that 62*54 cu¬ 
bic indies of the oxygen must have been consumed in forming 
water. 


The heat given out heated 56 lbs. of water 0°.99 ; or it would 
have raised tlie temperature of 1 lb. of water 55®.44. 

The heat evolved by the formation of the carbonic acid was 
26®.06 ; and that by the formation of water 16°.70; making to¬ 
gether 42®.75 ; or 12®.69 less than tlle»heat actually evolved. • 
(15.) Four owls experimented upon. If the heat ^ven out 
was 100% that evolved by tlie formation of th^ carbonic acid was 
56®.3, and that by the formation of water 18®.3, making together 
74%6; or €5°.4 less than the heat Actually evolved. 

(16.) Fom* magpies fed on animal food were experimented dn. 
If the animal heat given out was 100% that given out by the 
formation of carbonic acid was 57%6, and that by the formation 
of water 17%8; making together 75° A, or 24®.6 l^ss than the 
heat actually evolved. 

If these experiments of Despretz have been accurately performed. 
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it follows from them that there is nothing fixe(). or certain either 
in the ratio between the oxygen consumed etnd t];)^ carbonic acid 
formed^ or in the diminution of volume of the air by breathing; 
or of the heat .evolved. In general the more oxygen gas con- 
^ sumed the greater is the quantity of heat evolved; though this 
^oes not "^hold, rigidly in every experiment 

Tha^ the reader may see at a glance the variations in these 
experiment^ the following table has been calculated^ showing the 
volume of^pxygen consumed, and of carbonic acid formed, the di- 
miqqtion of'the volume of air breathed, and the heat evolved, 
8upposi^,e§ich animal to have breathed tffn minutes: 


Oxygen con- 
suined in cu¬ 

Carbonic acid 

Diminutions 
of bulk of 

Heat 

evolved." 

formed in cu¬ 

bic inches. 

bic in^ches. 

air. 

jyian, 

119- 

119* 

uncertain. 

uncertain. 

Rabbit, 

26-7 

19*3 

ifhis 

7».36 

Six small rabbits. 

*20-4 

14*4 


6 .44 

Three nvile guinea pigs, 

17-6 

13*8 

yirt 

5 .18 

A dog, five years old. 

37*4 

25*2 

xi; 

12 .17 

A dog, eight months old. 

24*9 

16*6 

tV 

8 .70 

Two dogs, six weeks old. 

37*3 

24*0 


13.33 

A mue cat, ' 

18*9 

13*2 

tJx 

6 .15 

Three adult male pigeons. 

21*1 

16*2 

xAt 

7 .05 

An adult Virginian duck. 

18*8 

11*5 

Thr 

6 .52 


It follows from these experiments, that the whole animal heat 
developed in the living animal is not the consequence of the com¬ 
bination of tile oxygen of the atmosphere with carbon and hy¬ 
drogen. If we reckon the animal heat evolved in these experi¬ 
ments 100°, then the portion of it due to the combination of the 
oxygen of the atmosphere with carbon and hydrogen during the 
circulation of the blood through the body will be 82°. | Conse¬ 
quently, 18®, or almost one-fifth of the whole, must be owing to 
other processes not yet suflSciently appreciated. What renders these 
donclusions somewhat uncertain, is the great diversity in the ratios 

of the heat evolved, and the oxygen ctnsumed in the different ex- 

' % 

* This column indicates the number of degrees that the temperature of one 
pound of water would be heated by the heat gi ven out during ten minutes breathing. 

f In this case the bulk of the**air was increased by breathing iifstead of being 
diminished- 

f Dr Winn has ascertained diat when the elastic «?oat of an artery is stretch¬ 
ed, heat is evolved (Phil. Mag. (3d series) xiv. 174), and he conceives that this 
evolution will supply the surplus heat of the animal above that furnished by res¬ 
piration. Net considering that when the coat contracts it must again absorb 
all the heat evolved by the stretching, as was long ago proved to be the case 
with caoutchouc by Mr Gough. 
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perimenta. If W 9 reckon the animal heat evolved to be 100^ the 
quantity ofnt due to* the consumption of oxygen varies in the dif¬ 
ferent experiments from 93^.1 to*74^.5. This variation wilfbeb^t 
understood if we arrange the experiments in the form of a table: 


• 

Heat evolved. 

• 

Heat from con> • 
sump* of oxygen. 

Rabbit, • . * . 

100* 

• 9y.l • ' 

ISix small rabbits, . ^ ! 

• 100 

83 *58 

Three male guinea pigs. 

100 

• 90 *72 

A dog, five years old. 

100 

> ••*81 *94 

A dog, eiglit months old, . 

100 

* 76 40 . 

Two <h>gs, six weeks old. 

lOJ) 

• •7^*5Z 

A male cat, • 

100 • 

81 *56 

Three adult male pigeons, . 

100 

79 *87 

An adult Virginian dupk. 

100 

:.77*11 • 

Mean, • 

• 100 

82 

To be able to compare the breathing 

of different 

anima]^ toge- 


ther, as far as the consumption of oxygen is concerned, it would 
be necessary to know the weight of the difTercnt aifimals sub¬ 
jected to experiment. This, unfortunately, Despr^ has«ne- 
glccted to determine. 

Nearly about the time (1823) that Despretz was occupied with 
the experiments just detailed, a similar set of experiments was 
made by M. Dulong. His method of proceeding was nearly si¬ 
milar to tliat of Despretz. It will, therefore, be sufficient to state 
here the results winch he obtained. 

His experiments were made upon six kinds of animals, name¬ 
ly, the dog, the cat, the hawk, the cabiai, tbh rabbit, and the jp- 
gcon ; and each was several times repeated. . 

■ The volume of oxygen consumed by the respiration of the dog, 
the cat, and the hawk was a third more than that of the carbonic 
acid gas formed; and only bne-tenth more in the rabbit, the oa* 
biai, and the pigeon. Dulding conceives that this* difference is 
connected with the different kiiffi of food on whichj;hese animals live. 

More azote is given out during the respiration of herbivorous 
animals thaSi of carnivorous. In the Ibrmer the bulk of the mr 
expired generally exceeds that of the air inspired. * 

In carnivorous aniiflals the heat duelo the formation of car- 

• • 

bonic acid gas amounts to 0*49 to 0*55 of the whole heat evolved; 
in frugivorous animals to from 0*65 to 0*75. ^ 

If we suppose with Lavoisier and Despretz that the portion of 
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oxygen whicli disappears above what can be accbtinted for by the 
^ fonnation of carbonic ad^ gas to ,the formation ef water. Then 
from 0*^9 to 0*80 of the whole heat evolved is produced by re- 
^iration, and from 0*31 to 0*20 by other and unknown agencies. 

* I have^ myself little or no doubt that the whole animal heat 
"evolved is owing to the conversion of the oxygon gas absorbed 
into carbonic acid and water during the circulation. In Des- 
pretz’s experiments the animals''were exposed to a greater cool¬ 
ing agency^ from beirg surrounded by cold water, than in ordi- 
nal«^ respiralBon. If we admit that the great object' of respiration 
is the gemratiqu of heat, and adopt the ^u^temen.t made in this 
chapter as accurate, there will be no difficulty in calculating the 
average quantity of heat produced in man during twenty-four hours. 
The blood*<n an adult is about 26 lbs. avoirdupois, and it com¬ 
pletes its circulation through the body in about 306 minutes. 
Hence, 8^ lbs. of blood pass through the hmgs in a minute. 

During each inspiration, 16 cubic inches of air enter the lungs, 
and 0*425 db. of blood is exposed to its action. During every 
inspiration 0r6432 cubic inch of oxygen gas is absorbed by the 
blood; and as every 4*75 cubic inches of oxygen gas, combin¬ 
ing with carbon or hydrogen, evolved 1 ® of heat, it follows that 
the oxygen absorbed during each inspiration evolves (during its 
circulation in the blood-vessel) 0*17°, or nearly one-sixth of a de¬ 
gree of heat. The oxygen absorbed during 6 inspirations pro¬ 
duces 1® of heat Hence, the heat evolved by respiration in 
twenty-four hours would heat 1 lb. of water, 4800®, or, suppos¬ 
ing none of it dissipAted, it would heat a middle-sized man 33° 
in twenty-four hours. 

Those who inhabit cold climates require more heat than those 
who live in hot climates. Hence, doubtless, the reason of the 
great appetites, and the'vast quantity of whale oil swallowed by 
the Esquimaux, and the small appetite and vegetable diet of the 
inhabitants of the« torrid zone. 

This subject has been placed in a very clear light by Liebig in 
his late work on ^Animal 'Chemistry, Respiration, he conceives, 
i^ intended to generate heat, without which no.animal could live. 
This is effected by the c"pmbination of the oxygen of the atmo¬ 
sphere with the carbon and hydrogen of the food. He considers 
the unoxygenized portion of food (starch, gum, and sugar) to be 
intended for the production of animal heat But it is difficult 
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to see how these Substances get into the circulation, as no trace 
of them caft bcf found in the blyod. TJe heat generated^is pro- • 
portional to the food digested. In hot climates, the waste of heat 
being small, but little food is required, whereas im cold climates 
the waste of heat is great, and heiyse the appetite is greatly in- * 
creased. Liebig conceived that, in consequence of the coldnesi * 
of\he atmosphere in frigid climates, a*greater proportion of oxy¬ 
gen is inhaled than in hot climates; but as the air inhaled is heat¬ 
ed in the lungs to 98^, and as the azotic igas constitfi{es four- 
fifths of this air, one would expect that the heat neces6ai}» to • 
heat this»azotiq gas ^dhn a very low temperature^ to •9^* wopld 
fully compensate for any increase in the density, of the oxygen 
gas. The number of respirations per minute ought to increase 
in cold climates,,or, what is more probable, the per }&entage oft 
carbonic acie^ evolved, ani of oxygen absorbed during each res¬ 
piration ought to increase. ^ 

We want additional experiments, ^he statement given in 
this chapter applies only to the summer. I am not aware of any 
attempt to determine the carbonic acid formed by^cspiralion 
during winter. It would be interesting to know the per centage 
of carbonic acid given out by breathing in India and in St 
I*etersburg or Stockholm. The subject is well worth the atten- 
tdou of men of science in India. 


CHAPTER HI. 

OF THE ACTION OF THE KIDNEYS. • 

A VERY great proportion of blood passes through the kid¬ 
neys ; indeed, we have evei^ reason to conclude that the whold 
of the blood passes through them very frequently! T^ese or¬ 
gans separate the urine from the Clood, to be afterwards evacua¬ 
ted without being applied to any purpose useful to the animal. 

The kidneys are absolutely neces^y for tlfe continuance of 
the life of the animal; for it dies speedily when they become l^r 
disease unfit to perfolPtn their functioi][^^: therefore the change 
which they produce in the blood is a change necessary for qu8r> 
lifying it to answer the purposes for which it is inten^d. 

In a preceding chapter of this work, a very minute account 
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has been given of urine, and of the constituents which it con- 
taips, and the proportion^of each voided from an‘'adult in good 
health during the course of twenty-four hours. The following 
abstract may bo considered as exhibiting an approximation to a 
*mean: 

r 

^ 1. Tha urea varies from 185*3 grains tO'609*3 

^ 2 , The uric acid, 1*373 ... 14*307 

3. Fixed salt^ ... ' 378* ... 748. 

4. *£artiiy phosphates, 0*447 ... 30*25 

f * 5. Common salt, ... 0*247 ... 116*5 

^ «6.HSulp^uricacid, ... 15*25 •*... j57*5 » 

, 7. Phosphoric acid, 0*17 ... ' 25*37 

It was long believed by physiologists that urea, uric acid, 
phosphoricland sulphuric acid were generated ip. the kidneys hy 
the peculiar action of these organs. This supposition was found¬ 
ed on the unsuccessful attempts of chemists to detect these substan¬ 
ces in the blood. But MM. Prevost and Dumas showed in 
1823, that* this opinion was ill founded.* They cut out the 
kidneys of dogs, cats, and rabbits. The animals usually died in 
about five days after the operation, except the rabbits which did 
not live so long. On examining the blood of these animals 
drawn a little before death, they succeeded in finding a consider¬ 
able quantity of urea in it They were not successful in find¬ 
ing phosphoric and sulphuric acid in that blood, but their at¬ 
tempts were made only in a cursory manner. It is evident from 
these experiments that the urea in urine is not secreted in the 
kidneys but only eliminated. Doubtless this is the case with all 
the other peculiar substances found in the urine. The reason 
why they cannot be detected in the blood must be, that they arc 
eliminated by the‘kidneys as fast as formed; so that they never 
accumulate in the blood«in any sensible quantity. Unless when, 
by the removed of the kidneys, this removal is prevented. 

The kidneys, then, are not orgaiis of secretion hut of elimina¬ 
tion. In what organ the urea, uric acid, and other peculiar sub¬ 
stances of the imiile are formed, is not yet known. It is probable 
that the albumen, fibrin, or hematosin of tlie blood, undergoes 
decomposition in some organ for the formation of some substance 
useful in the animal economy, and that the urea and uric acid 
are substances formed at the same time, which not being use- 
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ful to the animal economy, are immediately eliminated by the 
kidneys. * ^ * , • 

Professor Liebig, in his late work on Animal Chemistry* p. 136, 
has made a remarkable observation. Protein +«3 atoms water 
may be resolved into choleic acid |ind urate of ammonia. * 
Protein is, • . C“ H*> 0“ ’ , • 

* 3 atoms water, . • IP O’ ’ 

• • 

■ • 

Total, . C“ Az» O'’ 

• • ^ 

t 

Qholei(i »cid is, C» H” Az p". •.. 

Uric add, . O'" Hf ’Az'O’ 

Ammonia, * . H’ Az 

Total, • . C“.H« Az' 0”” . 

• ^ 

Differing only by an atom of hydrogen. It would not be sur¬ 
prising, then, if the uric acid and urea jas well as the choleic acid 
were formed in the liver. • • 

It has been long known that in diseases of the liv^r the quan¬ 
tity of urea in the urine is diminished. Is it not possible that the 
albumen of blood is decomposed mto bile and urea ? The urea 
and uric acid are rich in azote, while the bile contains but little. 
Whether tliis conjecture be well or ill founded, there can be 
little doubt that the formation of these two substances must be 
the result of the decomposition of the constituents of blood, to 
form some secretion of importance to the animal economy. The 
importance of the liver as a secreting organ is obvious from the 
great derangement of the system which takes place when it is 
diseased. 

Liebig conceives that the matter of bile is absorbed by the 
lacteals, and employed is the prodUation of heat by its union 
with oxygen during the &mction of respiration. • But certainly 
this cannot be the case unless the bile undergoes decotnposition. 
For in the disease called jaundice, when the bile is absorbed in¬ 
to the system, the skin and eyes nre tinged* yellow. The me¬ 
thods of determining the quantity of bile secreted are so vague 
that no reliance ca»be placed on them. 

Chossat lias shown that the quantity of solid matter in tiie 
urine increases with the food, and is proportional to it, supposing 
the whole food to be digested. 
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When a person is fed on bread the quantity of solid urine 
voided is less than wheil he is fed on eggs, and 'when he is fed 
on eg^ less than when fed on meal. The ratios are nearly 
5:7:9* c 

• The quantity of solid matter in the urine is proportional to 
that of azote in the food.t * 

, Food, 

1. . unripe. 




Difference, 


Ounces. 

Grains. 

82 

77 

56 

64 

- -- - 


26 

. 13 


.. ---- -^ — —-- --—— 

the'urine; but \ |ths of the carbon is Wanting, because it is given 

off by the lungs. 

The person fed on ope mefil a day, generous and copious. 
First experiment lasted 32 days; second, 35 days. 

Mean* urine rendered daily in 24 hours, dividing the day into 
6 periods qf 4 hours each : 


1st Scries. 2d Series. 3d Series. 4th Scries. 
Mean urine. Mean urine. 





Solid. 

Solid. 



1st period, from 2 to 6 p. m.. 

'55-3 gr. 

61*41 gr. 

197*1 

33*8 

2d 

do. 

from 6 to 10 p. H., 

88-7 

102*8 J 

8d 

do. 

from 10 p. M. to 2 A. 

M., 107*9 

21H*9) 

208*7 

35*9 

4th 

do. 

from 2 to 6 A. m., 

85*6 

106*3 y 

5th 

do. 

from 6 to 10 A. M., 

100*1 

77*2) 

211*2 

30*3 

6th 

do. 

from 10 A. M._to 2 p. 

M., 70*4 

77*21 



Total, 

508- 

643*8 

617*0 

100*0 


The quantity of food in the second series was greater; the 
kind tlie same. It is presumed that the food was taken just 
before the beginning of the first period. 

The greatest quantity is from 8 to 12 hours after food; the 
least just after taking food. 

In the fourth series the food was mtich diminished and of infe> 
rior quality. ° 

The secretion of solid urine is at a minimum the first two hours 
after taking food, icicreasesmuch the next two hour^ Und main- 
taiftis nearly the same rate during the next four hours. 

When food was only taken once in 48 hdto there was a feel¬ 
ing of cold the second day. 


Jour, de Puys. v. 84. 


t Ibid. p. 80. 
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Food only taken once in 48 hours. The food was vegeto- 
albuminous^ drjnk tea. Quantity double of that taken once in , 
24 hours. Time of eating, tfie end of the first of the 6* periods 
of 8 hours each. Experiment lasted 16 days. , 

holid urine. 


1st 

period 8 

hours* 

• 

112-1 * 

# 

2d 

do. 

8 

to 

16 hoyrs. 

141-e- 

3d 

do. 

18 

to 

24» 

do. 

90-8, 

4th 

do. 

24 

to 

32 

do. 

w 

111-9 .• 

5th 

do. 

32 

to 

40 

do. 

84-5 • 

6th 

do. 

• 

40 

to 

48 

do. 

• 

ud _ 

% 


• 



• 

5§5-6 


Two repasts a day, food vegcto-animal, the first ah 9 a. m., tl^ 
second the most abundaiJt at 5 p. m. ^Periods of 6*&oprs each, 
commence with it 




Solid urine- 

Solid urinef 

1st period. 

100-5* 

151-1 

• • 

2d 

do. 

110-3 

196-1 

3d 

do. 

107-1 

T6d-9 



317-9 

513-1 


Three meals a day. Food the same. At 8 a. m„ 1 p m., 
and 9 p. m. 



Solid urine. 

1st period, 7 a. m. to 3 p. m.. 

142-1 grains 

2d do. 3 p. M. to 11 p. M., ^ 

158-6 

3d do. 11 P. M. to 7 A. M., 

94-2 * • 

• 


394-9 


By a cold bath (82®.76), the aqueqps portion of the urin^ is 
sextupled, by a warm batk (99*^), not increased, 4 )ulse 132. In 
the cold bath the pulse became? slower, sinking at last (in two 
hours) to 40 in a minute, from 60. The solid part of urine is 
also increased in the cold bath by. the increase of the watery 
portion. • 

The quantity of ^lid urine diminishes in the evening when 
the nervous energy is diminished, andTequir^ to be restored by 
sleep. 

The secretion of solid urine is a little increased b^ sleep, about 
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when the strength is imimpaired, and also when enfeebled by 
scanty food, \ ' ,«> ■ 


CHAPTER IV. 

♦ , " 

OF PERSPIRATION. 

' • t 
t 

It is wcjpi k^own t^t considerable quantities of matter in the 
state of vapour are constantly emitted from the skin. This va¬ 
pour is^cajlcd perspirable matter or perspirztion. ^ Wher, by the 
sudllen applica^n bf cold, the exhalents by rwhich this va¬ 
pour is thrown out are shut, the system becomes deranged, 
imd what we call in common language a cold is the conse¬ 
quence. . All the facts respecting the quantity and nature of 
this perspired matter at present known have been stated under 
the title' of perspiration and sweat in a preceding chapter of this 
work, to which the reader is referred. Nothing is known re¬ 
spiting the nature of the process. The exlialcnt vessels are 
situated in the skin, and, according to modem anatomists, are 
twisted in the form of a cork-screw'. They are exceedingly small 
in diameter, and their open mouths terminate just under the epi¬ 
dermis. The process of perspiration is very similar to respira¬ 
tion. Whether the external air has any thing to do with it has 
not been ascertained; but it is probable that it has. Water, car¬ 
bonic acid, lactic acid, and an oily matter having a peculiar 
smell, are thrown oi^t from the blood-vessels of the skin, and 
doR'btless in considerable quantity. 

It has been supposed that the skin has the property of absarb- 
ivp moistwre from (he air, but this opinion has not been confinii- 
e4. by experiments, but ra|.ker the con^ary. 

The cUef ailments in favour of absorption of the skin have 
been drawn from the quantity of moisture discharged by urine, 
bmng, in some cases, not only greater than the whole drink of 
the patient, but even than the-whole of his drink and food. But 
it ought to be remembered that, in diabetei^ the* disease here al¬ 
luded to, the weight of the. body is continually diminishing, and 
therefore part of it must be constantly thrown off. Besides, it is 
scarcely possible in that disease to get an accurate account of the 
food swalloit^ by the patients; and in those cases where very 
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accurate accounta have been kept, and where deception was not 
so much practised, Ihe urine was found not to exceed the quan- • 
tity of drink.* In a case of diabetes, related with mudh accu¬ 
racy by Dr Gerard, tbe patient was bathed reguliu*ly during tbe 
early part of the disease in warm water, an^ afterwards in cold 
water: he was^veighed before and after bathings and no sen|i-« 
Me difference was ever found in his .weightf Consequently, in 
that case, the quantity absorbed* if any, must have been very 
small. • • 

It is well known that thirst is much alleviated by*cold bsttiingf 
By thii^plan Captaim Bligh kept bis men cool and ip^oqd health 
during their vary extraordinary voyage ^a^ros? the South ^Sea. 
This has been conadered^as owing to the absorption of water by 
the skin. But Dr Currie had a patient who was pasting fq^t 
for want of nourishment? a tumour in Jthe oesophagus preventing 
the possibility of taking food, and whose thirst was always alle¬ 
viated by bathing; yet no sensible increase of weight, Imt rather 
the contrary, was perceived after bathing. It doe& not appear, 
then, that in either of these cases water was absorbed. , 
Farther, Seguin has shown that the skin does not absorb 
water during bathing, by a still iflore complete experiment; He 
dissolved some mercurial salt in water, and found that the mer¬ 
cury produced no effect upon a person that bathed in the water, 
provided no part of the cuticle was injured : but upon rubbing 
off a portion of the cuticle, the mercurial solution was absorbed 
and the effects of the mercury became evident upon the body. 
Hence it follows irresistibly, that water, qt least in the state of 
water, is not absorbed by the skin when the body is plunged into 
it, unless the cuticle be first removed. 

This may perhaps be considered as a complete proof that no 
such thing as absorption isiperformed^hy the skin; and that there¬ 
fore the appearance of caibonic acid gas, which takes place when 
air is confined around the skin, Inust be owing to the Mission of 
carbon. But it ought to be considered, that, although the skin 
cannot absorb water, this is no proof that it eannot absorb other 
substances; particularly that it cannot absorb oxygen gas, wMch 
is very different from water. It is well known that water will 
not puss through bladders, at least for Sometime: yet Dr Priest¬ 
ley found that venous blood acquired the colour of arterial blood 

t Ibid.ii. 7a. 


* See Rollo on Diabetes. 
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from oxygen gas, as readily when these substaaces were separate 
, ed by a bladder as when they were in actual contact. He found, 
too, that when gases were confined in bladders, they gradually 
lost their properties. It is clear from these facts, that oxygen 
gas can pervade bladders: and if it can pervade them, why may 
•it^not also peryad'e the cuticle ? Nay, fe,rther, we know from tlie 
experinients <of Cruickshaiiks, that the vapour perspired passes 
through leather, even when prepared so as to keep out moisture, 
at least for a certain time. It is possible, then, that water, when 
in the^ state of vapour, or when dissolved in air, may be absorb¬ 
ed, althppgh water, while in the state of water, may be inj:»ipable 
of pervading th& cuticle. The experiments, therefore, which 
have hitherto been made upon the absorption of the skin are in- 
spiHcient to^rove that air and vapour cannot pervade the cuti¬ 
cle, provided there be any facts to render the contrary supposi¬ 
tion prol)able. 

Nowj'^hat there are such facts cannot be denied. I shall not 
indeed prodnee the experiment of Van Mons as a fact of that 
kind, because it is liable to objections, and at best is very indeci¬ 
sive. Having a patient under his care who, from a wound in the 
throat, was incapable for several days of taking any nourishment, 
he kept him alive during that time by applying to the skin, in 
different parts of the body, several times a day, a sponge dipped 
in wine or strong soup.*.. A fact mentioned by Dr Watson is 
much more important, and much more decisive. A lad at New¬ 
market, who had been almost starved in order to bring him down 
to such a weight as would qualify him for running a horse race, 
wai* weighed in the morning of the race day; he was weighed 
again an hour after, and was found to have gained 30 ounces of 
weight; yet in the.interval he had only taken half a glass of wine. 
Here absorption must have taken place, either by the skin or 
lungs, or both.* The difficulties in either case are the same; 
and wliatcver renders absorption by one probable, will equally 
strengthen the probability that absorption takes place by the 
other.f “ 

• Phil Mag. vi. 95. 

I Watson’s Cbemical Essays, pi. 10!. The Abb^Vontsna also found that, 
after walking in moist air for an boar or two, be returned home some ounces 
heavier than when he went out, notwithstanding he had suffered considerable 
evacuation front a brisk purge purposely taken for the experiment. This in¬ 
crease, indeed, might be partly accounted for by the absorption of moisture by 
bis clothes. 
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MM. Becquenel and Breschet have found that when a dog or 
rabbit is depri^^ed df its hair, and the whole body covered with a* 
varnish to prevent perspiration, the animal always died^n a few 
hours, while the temperature of the surface rapidly sank. In a 
rabbit from 101° to 76° in an hour. In another the temperature 
of the muscles pf the thigh in an hour and a-^ia^ was only 
above that of the atmosphere.* • • • 


CHAPTER V. 

• • 

OF ASSIMILATIO]^. 

We have now seen the progress of digestion, an(|.the forma¬ 
tion of blood, as far at least as wc are .acquainted with* it. But 
to what purposes is this blood employed, which is formed with so 
much care, and fqr the formation of which so great an* appara¬ 
tus has been provided ? It answers two purposes. «Hie parts of 
which the body is composed, bones, muscles, liga^ieiits, mem¬ 
branes, &c. are continually changing. In youth they are increas¬ 
ing in size and strength, and in mature age they are continually 
acting, and consequently continually liable to waste and decay. 
They are often exposed to accidents, which render them unfit for 
performing their various functions; and even when no such acci¬ 
dent happens, it seems necessary for the health of the system that 
they should be now and then renewed. Materials, therefore, must 
be provided for repairing, increasing, or renewing all the various 
organs of the body; phosphate of lime and gelatin for the bones, 
fibrin for the muscles, albumen for the cartilages and membranes, 
&c. Accordingly, all these substances are laid up in the blood; 
and they are drawn from4hat fluid, aafrom a storehouse, who¬ 
ever they are required. The process by which tJfip diflerent in¬ 
gredients of the blood are made* part of the various organs of the 
body is called assimilation. 

Over the nature of assimilation* the thiekest darkness still 
hangs: there is no key to explain it, nothing to lead us to\he 
knowledge of the instruments emploved. Facts, however, have 
been accumulated in sufficient numbers to put the existence of 
the process beyond the reach of doubt. The healing, indeed, of 

• Comptes Rendus, xiii. 791. 
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every fractured bone, and every wound of the lA)dy, is a proof of 
•its existence, and an instance of its action. 

£ver^ organ employed in assimilation has a peculiar office; 
and it always performs this office whenever it has materials to 
act upon, even when the performance of it is contrary to the in* 
<^est of tlie animal. Thus the stomaeh always converts food in¬ 
to chyme, evCn when the food is of such a nature that the pro¬ 
cess of digestion will be retarded rather than promoted by the 
change. If wann milk, for instance, or warm blood, be thrown 
into the stomach, they are always decomposed by that organ, and 
converted, iftto chyme; yet these substancesnre much mo^’e near¬ 
ly a^imilated to ,the anjimal before the action of the stomach than 
after it The same thing happens whdh we eat animal food. 

c On the oj^er hand, a substance introduced into an organ em¬ 
ployed in assimilation, if H has undergone precisely the change 
which that organ is fitted to produce, is not acted upon by that 
organ, Hut passed on unaltered to the next assimilating organ. 
Thus it is the office of the intestines to convert chyme into chyle. 
Accordingly, whenever chyme is introduced into the intestines, 
they perform their office, and produce the usual change; but if 
chyle itself be introduced into ’ the intestines, it is absorbed by 
the lacteals without alteration. The experiment, indeed, has not 
been tried with true chyle, because it is scarcely posable to pro¬ 
cure it in sufficient quantity; but when milk, which resembles 
chyle pretty accurately, is thrown into the jejunum, it is absorb¬ 
ed imchanged by the lacteals.* 

Again, the office of the blood-vessels, as assimilating organs, 
is to convert chyle into blood. Chyle, accordingly, cannot be 
introduced into the arteries without undergoing that change; 
but Iflood may be introduced from another animal without any in¬ 
jury, and consequently without undergoing any change. This 
experiment was first made by Lower, and it has ^ce been very 
often repeated. 

Also, if a piece of fresh muscular flesh be applied to the mus¬ 
cle of an animal, they adhere and incorporate without any change, 
as lias been sufficiently establiidied by the experiments of Mr J. 
Hunter; and Buniva has* ascertained, that fresh bone may, in 
the same manner, be en^afted on the bones of animals of the 
same or. of different specie&t 


Fordjfce on Digestion, p. 189. 


t Phil. Mag. vL 908. 
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In short) it seetas^ to hold, at least as far as experiments have 
hitherto been ftiide, that forei^ suhsdajn^ nmy be incorporaled • 
with those of the body, provided they be precisely of tlie same 
kind with those to which they are added, whethea fluid or solid. 
Thus chyle may be mixed with cl)yle, blood ^th blood, muscle 
with muscle, and bone with bone. The experiment has notbe^* 
extended to the other animal substanoes, the nerveSyTor instance; 
but it is extremely probable that it would hold with respect to . 
them also. • * • 

On the ottier hand, when substances are introdflced inksan)^ 
part of the body whidh are not the same with tt^at^)art,*nor^the 
same with the Stibstance upon which that part acts, provided (hey 
cannot be thrown out readily, they destroy the part, and per¬ 
haps even the {^imal. Thus foreign substances int^duced into 
the blood vq/ry soon prove fatal; and introduced into wounds of 
the flesh or bones, they prevent these parts from healing. 

Although the diflerent assimilating.organs have the power of 
changing certain substances into others, and of throwing out the 
useless ingredients, yet this power is not absolute^ egen whan the 
substances on which they act are proper for undergoing the 
change which the organs produce. Thus the stomach converts 
food into chyme, the intestines chyme into chyle, and the sub¬ 
stances which have not been converted into chyle are thrown out 
of the body. If there happen to be present in the stomach and 
intestines any substance which, though incapable of undergoing 
these changes,, at least by the action of the stomach and intes¬ 
tines, yet has a strong affinity, either for the whole chyme and 
chyle, or for some particular part of it, and no affinity for the 
substances which are thrown out, that substance passes along 
with the chyle, and in many cases continues te remain chemically 
combined with the substadee to which tt is united in the stomath, 
even after that substance*has been completely flsrimilated, and 
made a part of the body of*the animal. Tlyis there is a strong 
affinity between the colouring matter of madder and phosphate 
of lime. •Accordingly, when madddr is takto into the stomach, 
it combines with the phosphate of lime of the food, passes with it 
through the lactealS and blood-vessel^ and is deposited with it 
in the bones, as was proved by the experiments of Bechier* and 


• Phil. Trans. 1736, p. 287. 
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Duhamel.* In tbe same manner, musk, indigb, &c. when taken 
* into the stomach, make tneir way into many of tile secretions. 

These facts show us that assimilation is a chemical process 
from beginning to end; that all the changes are produced ac- 
"cording tp the laws of chemistry; and that we can even derange 
^ tfee regularity of the process by intfoducing substances whose 
mutual affinities are too strong for the organs to overcome. 

, It cannot' be denied, then, that the assimilation of food con¬ 
sists mcr^^ily in a certain number of chemical decompositions 
.Miiah that food undergoes, and the consequent formation of 
certain»BOW compounds. But are the ag&fits employed* in assi¬ 
milation merely, chemical agents? We canndt produce any 
thing like these changes on the food out of the body, and there¬ 
fore we must allow that they are the consequerce of the action 
of the animal organs. But this action, it may be said, is merely 
the secretion of particular juices, which have the property of in¬ 
ducing the wished-for change upon the food; and this very 
change would be produced out of the body, provided we could 
procure these substances, and apply them in jiropcr quantity to 
the food. If this supposition be true, the specific action of the 
vessels consists in the secretion of certain substances; conse¬ 
quently the cause of this secretion is the real agent in assimila¬ 
tion. Now, can the cause of this secretion be shown to be merely 
a chemical agent? Certainly not. For in the stomach, where 
only this secretion can be shown to exist, it is not always the 
same, but varies according to circumstances. Thus eagles at 
firsjt cannot digest grain, but they may be brought to do it by 
persisting in making them use it as food. On the contrary, a 
lamb cannot at first digest animal food, but habit will also give 
it this power. In this case, it is evident that the gastric juice 
changes according to circumstances. 

The presence of some agent, diffeifent from a mere chemical 
power, will be still more evident, if we consider the immunity of 
the stomach of the living animal during the process of digestion. 
The stomach of anitnals is as fit for food as any other ^Vbstance. 
Thfe gastric juice, therefore, must have the same power of acting 
on it, and of decomposing it, that it has of keting on other sub- 

* F'hil. Trans. 1740, p. 390. The fact was mentioned by Mizaldus in a book 
published fn 1536, entitled, Memoiabiliiim, utilium ac jucundorum Centnriie 
novem. 
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stances; yet it is*well known that the stomach is not affected by 
digestion while* the* animal retains life} though, as Mr Hunter • 
ascertained, the very gastric juice which the living stoAach se¬ 
cretes, often dissolves the stomach itself after death. * Now what 
is the power which prevents the gjstric juice from acting on the 
stomach during* life ? Certainly neither a chemical nor mecl^-« 
ntcal agent, for these agents must still retain the saftne power af¬ 
ter death. We must, then, of Necessity conclude, that there ex¬ 
ists in the animal an agent very different from cl^mioal and me¬ 
chanical powers, since it controls these powers ac!tor^ing|o ifjg 
pleasure. Thgse pojp^rs, therefore, in the living body,eisQ merely 
the servants ofi this superior agent, which dir^ts them so as to 
.iccomplish always one particular end. This agent seems to re¬ 
gulate the chcipical powers, chiefly by bringing onlyjpertain sub¬ 
stances together which are to be decomposed, and by keeping at 
a distance those substances which would interfere with, or dimi¬ 
nish, or spoil the 4 )roduct, or injure tbe organ; and we see that 
this separation is always attended to even when tho substances 
arc apparently mixed together; for the very saipe j)roducts pre 
not obtained, which would be obtained by mixing the same sub¬ 
stances together out of the body, that are produced by mixing 
them in the body; consequently all the substances are not left 
at full .liberty to obey the laws of their mutual affinities. The 
superior agent, however, is not able to exercise an unlimited 
authority over the chemical powers; sometimes they arc too strong 
for it: some substances, accordingly, as madder, make their way 
into the system; while others, as arsenic, decompose and destroy 
the organs of the body themselves. * 

But it is not in digestion alone that this superior agent makes 
the most wonderful display of its power; it is in the last part of 
assimilation tliat our admiration is indst powerfully excited. Ikow 
comes it that the precise «ubstanccs wanted are ^Ijvays carried to 
every organ of the body > Hdw comes it |hat fibril! is always 
regularly deposited in the muscles, and phosphate of lime in the 
bones ? And, what is still more ufiaecountable, how comes it that 
prodigious quantities of some one particular substance are foitned 
and carried to a par1#cularplace,in order to supply new wants which 
did not before exist ? A bone, for example, becomes diseased 


• Phil. Trans. 1772, p, 447. 



656 


FUNCTIONS OF ANIMALS. 


and unfit for the use of the animal; a new bone, therefore, is 
r forQDed in its place, and the old one is carried off^by the absor¬ 
bents. In order to form this new bone, large quantities of phos¬ 
phate of lime are deposited in a place where the same quantity 
Vras not before necessary. Npw, who informs this agent that an 
<upu8ual quantity of phosphate of lime is necessary, and that it 
must be caified to that particular place ? Or, granting, as is 
most probable, that the phosphate of lime of the old bone is 
partly em^dnyed for this purpose who taught this agent that the 
old beue mult be carried off, new-modelled, and deposited and 
assimilatedmpew^? The same wonders take place dm*ing the heal¬ 
ing of every wound, and the renewing of every diseased part 

But neither in this case is the power of this agent over the 
chemical ag^ts which are employed absolute. We may prevent 
a fractured bone from healing, by giving the patient large quan¬ 
tities of acids. And unless the materials for new-^wanted sub¬ 
stances be supplied by the food, they cannot in many cases be 
formed at all. Thus the canary bird cannot complete her eggs 
unless she be fprnished with lime. 

As this agent which characterizes living bodies does not ap¬ 
pear to act according to the principles of chemistry, any inquiry 
into its nature would be foreign to the subject of this work. 
Physiologists have given it the name of the livinff or.animal 
principle; and to them I beg leave to refer tlie reader. 

Besides the different organs of the body, the blood is also em¬ 
ployed in forming all the different secretions which are necessary 
ibr the purposes of tho animal economy. These have been enu¬ 
merated in a former part of this work. The process is similar to 
that of assimilation, and undoubtedly the agents in both cases 
are the same; but we are equally ignorant of the precise man¬ 
ner in which secretion is performed as^ we are of assimilation. 

After these , functions have gone on (for a certain time, which 
is longer or shorter according to the nature of the animal, the 
body gradually decays, at last all its functions cease completely, 
and the animal dies.’ The cause of this must appear very extra- 
ordtUary, when we consider the power which the animal has of 
renewing decayed parts; for it cannot be doubted that death pro¬ 
ceeds, in most cases at least, from the body becoming incapable 
of performii^ its functions. But if we consider that this power 
is limited, and that it must cease altogether when those parts of 
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the system begiif to decay which are enjployed in preparing ma¬ 
terials for* future assimilation,^ our sui^rise will, in some mca-* 
sure, cease. It is in these parts, in the organs of digestion and 
assimilation, accordingly, that this decay jisuaUy proves fahil. 
The decay in other parts destroys life only when the y^aste is s6 
rapid that it dws not adntit of repair. • ^ • 

* What the reason is that the decay*of the organs'eauses death, 
or, which is the same thing, c-auses the living principle either to 
cease to act, or to leave the body altogether, if, is prf^jctly im¬ 
possible to ^y, because we know too little of the nature the 
living princiijje, ainl*of the manner in which it js cemi6«ted jvith 
the body. The*last is evidently above thediumam understanding; 
but many of the properties of the living principle have been dis¬ 
covered : and ^ere the &cts already known propeiSy arranged, 
and such g(;iicral conclusions drawn from them as their connec¬ 
tion with oath other fully warrant, a degree of light would be 
thrown upon the animal economy, wliich those wdio have not at¬ 
tended to the subject are not aware of. • • 

No sooner is the animal dead, than the chemioaU and mecha¬ 
nical agents, which were formerly servants, usurp the supreme 
power, and soon decompose and destroy that very body which had 
been in a great measure reared by their means. 
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Of the Mode of Anaeyzino Oboanic Bodies. 

* • • # • ^ 

* • • •• . 

The constitu^ts of the jgreater numbei* of organic bodies ^re 

carbon, hydrogen, azote, and oxygen. In animal bodies usually 
all the four exi^ togethw; but in many vegetabloT •bodies, as 
acids, alcoho]^, sugars, starch, and gum; only hydrogen,* carbon, 
and oxygen afe to be found. Now to analyze an organic body 
is to determine witJi accuracy the weiglit of the carbon, hydro¬ 
gen, azote, and oxygen, respectively, of which it is eftflaposed. 
The method of performing this analysis was first oontrived by 
G-ay-ljUssac, and Theiiard, in thc^car 1811.* They first inti¬ 
mately mixed the substance to be analyzed with about twice as 
much dry and fused chlorate of potash as was necessary to burn 
it coinplotcly. This mixture was made up into small round balls 
about half the size of a pea. They were dried at the tempera¬ 
ture of 212®, and the exact quantity of chlorate of potash and of 
the substance t« be analyzed, contained in them was accurately 
determined. These balls were dropped on® dfter another int^ a 
stout glass tube shut at its lower extremity, and having a stop¬ 
cock cemented into its upper extremity. This stop-cock had no 
hole, so that it might be turned quite round without o^iening any 
communication between flie external* air and the inside of 
the tube ; but there was *a cavity in it into winch ^e balls 
could be put, and when the* cock was turned round each ball 
dropped in succession to the bottom of the stout tube. From 
this perpcifdicular tube a small honzontal tuBe, soldered by the 
blowpipe, proceeded, dipped into a mercurial trough, to convey 
the gas evolved durtng the combustlqn into graduated flaakp 
filled with mercury, and ready to receive it The bottom of the 
tube being heated to a dull red heat, balls were dropped in suc- 
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cessively. Each hurnt brilliantly, and a good deal of gas was 

• evolved which passed in*o the mercurial trougL This process 
was continued till all the common air was driven out of the tube* 
and it was filled wifih nothing but the gas extricated by the cora- 

*bustion cjf the balls. A number of the balls (first accurately 

• Hfcigh^) were then dropped into the tube and deflagrated, and 
the gas evolved collected iai a graduated jar. Then another and 
another jar was filled in exactly the same manner, each contain¬ 
ing the gda evolved by the combustion of nine or ten grains of 
the-substance to be analyzed. The bulk of the gas in the first 
jar,being 'measured it was subjected to analysis, and consisted of 
a mixture of oxygen, carbonic acid, and azotic gas, (if the sub¬ 
stance under examination contained that principle.) The bulk 
«f the carbonic acid was determined by absorbing it by means of 
caustic potash, and that of the oxygen by mixing 100 volumes of 
it with 40 of hydrogen, and passing an electric spark through it 
The diminution of volume determined the purity of the oxygen 
and the presence or absence of azotic gas, carbonic oxide, &c. 
Tho- quantify of oxygen gas evolved firom the weight of chlorate 
of potash used being known, and the quantity collected and in 
the state of carbonic acid gas being subtracted from it, the re¬ 
mainder indicated the volume of oxygen g^is which M'ent to the 
formation of water. The carbonic acid, hydrogen, and azote 
thus evolved by the combustion of the substance under analysis 
being known, and the amount of these being added and subtract¬ 
ed from the weight of the substance subjected to analysis, the re¬ 
mainder gave the (piantity of oxygen which the substance under 
analysis contained. 

In this way they analyzed fifteen vegetable substances, none of 
wliich contained a2;ote, and four animal substances, each contain¬ 
ing azote as a constituenc. 

The nrocfiis of Gay-Lussac and Thenard was considerably 
improved by Berzelius in 1814.* He adopted the chlorate of 
potash, which he mixed with the substance to be analyzed. The 
mixture he put into a stout glass tube, shut at one end. The 
open end was luted to a small receiver, which terminated in a 
long glass tube filled with dry chloride of calcium. To the end 
of .this tube was luted a bent tube, plunging into a mercurial 
trough with a glass jar filled with mercury to receive the gas 
evolved. After the process was over the receiver and chloride 
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of calcium tube Being weighed gave thc.quantity of water evolv¬ 
ed. The ’carbonic acid in th|^ jar, ovgr mercury, was absorbed • 
by a small glass of potash exactly weighed. The increase of 
weight gave the quantity of carbonic acid pvolwd. The glass 
tube containing the matter to be analyzed was strengj^hened by 
a ribbon of tin plate wrapped round it, and it was»heatet^to renl-* 
ness, beginning at the end next the ^receiver, and passing back¬ 
wards to the lower extremities. * • 

The determining of the water and carbonic acid .weighing 
was a considerable improvement upon the process of’ Gay-!hfissa« 
and Thf^nard.* Bui the apparatus was ratjier tpo edti]lpiex,,and 
the number of joinings too many. It would be difficult in. this 
country, where our corks are l>ad, to make it always air-tight. 
Berzelius subjected from^nine to ten gi*ain8 of the substance un¬ 
der experiment to analysis. He an£tlyzed thirteen tegctable 
substances, and as usual his results approached pretty jiear the 
truth, • • 

About the year 1813, Gay-Lussac suggested to M. Chevreul 
the substitution of black oxide of copper for chlorate of potash 
in the analysis of vegetable and animal substances. * M. Gay- 
Lussac had employed this substitute in his analysis of the com¬ 
pounds of cyanogen, f In 1816, the use of it was highly com¬ 
mended* by Dobereiner,^ who does not seem to have been aware 
of its previous employment in organic analyses in France ; at 
least he takes no notice of it. 

In 1827, DrProut published in the Philosophical Transactions 
a memoir entitled O/i the Ultimate Composition of Simple Alimen^ 
tary Substances.^ He had been occupied with these analyses for 
many years, had tried all the different methods of analysis re¬ 
commended by preceding experimenters, and’had found them all 
attended with difficulties {hat prevented him from attaining {he 
reqmsitc degree of accuracy. TJiis induced him t(f hav^ recourse 
to the combustion of the substances to be analyzed in a tube filled 
with oxygen gas. The matter to he analyzed was mixed with the 
requisite quantity of oxide of copper.* It was fhen introduced into 
the tube. The apparatus was filled with the requisite volume of 
oxygen gas, the heal of a lamp was to the tube contain- 

• Ann. de Chim. xevi. 53. + Ibid, xcv. 154,184, 187. 

t Schweiggcr’8 Jour. xvii. 36ft. § Phil. Trans. 1827, p.*385. 
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ing the mixture of oxide of copper and the bod^ to be analyzed, 
and. the oxygen gas was driven backwards and foiXvrards through 
it, till the combustion was at an end, and till the oxide of cop¬ 
per, partially reduced, had recovered its original quantity of oxy¬ 
gen. The apparatus was then allowed to cool. The oxide of 
'copper , 3 vill imbibe all the moisture Und mr which it contained 
before the experiment began. The volume of gas in the tube is 
now measuied with accuracy. If it is unaltered it follows that 
the oxygen* and hydrogen in the body analyzed are in the pro- 
portRAi to fonn water. The volume of carbonic acid gas is then 
ascertaiiiedy’from which the weight of carbbn is easily deduced. 
Subtracting this from tlie original weight of the substance under 
analyds, the remainder is the hydrogen and oxygen in the pro¬ 
portion which constitutes water, 

If the volume of gas be* increased it is a proof that the oxygen 
in the sqbstance analyzed is more tlian what is necessary to con¬ 
vert the hydrogen into water; and the increaAC of volume gives 
the additional quantity of oxygen present. 

If<the voliame be diminished it indicates that the hydrogen in 
the substance under analysis is more than what is requisite to 
convert the oxygen into water. And twice the volume of di¬ 
minution gives the volume of hydrogen thus in excess. 

This method is susceptible of great accuracy. But it requires 
much accuracy in measiming the volumes of oxygen gas and 
carbonic acid gas evolved. And as the weight of the carbon, 
and even of the hydrogen, is deduced from the volume, it is ne¬ 
cessary for accuracy that the specific gravity of these gases should 
be correctly Jinown. 

By this process Dr Prout analyzed twenty-one vegetable sub¬ 
stances (all withom azote), and the result in liis hands was ex¬ 
ceedingly near the truth. But the complexity of his apparatus, 
and the .difHculties attending minute' measurement of the vo¬ 
lumes of the gases employed or formed, have prevented other che¬ 
mists from following his method. We do not know, therefore, 
how it would succeed in the hands of chemists less cahtious and 
scrupulously accurate than Dr Prout 

The attention of Proff<ssor Liebig to the analysis of organic 
substances seems to have been drawn by this memoir of Dr Prout. 
In 1830, he«published a critical examination of Dr Front’s ap¬ 
paratus, pointed out its inapplicability to the analysis of substances 



ArrENDix, C63 

containing azote,*a;nd states several oth^ objections to which it 

is unneces^ry*fc) refer, * , • . , • ' 

In 1831, Liebigt made known an apparatus which hetikd con¬ 
trived, and which greatly facilitated the determination of the 
weight of carbonic acid gas forme^ during t!ie analysis of orga-* 
nic bodies. The water formed was determined^ a^Berzelius hj^l* 
ddbe, by causing the products of the eombustion to pass ^lirough 
a tube filled with fragments of chloride of calcium. ^ ®he increase 
of weight gave the water evolved. The c©ntrivaice«ft)r collect¬ 
ing the carbftnic acid was a glass tube upon whiclf were hlpwt^ 



the two large bulbs a, a, and the thrcjc smflf intermediate bii^bs 
bf hf b, the capacity of all the three being only equal to that of 
one bulb a. The bulbs 6, h, are filled to the line c, with a 
saturated solution of caustic potash, and the whole tube with its 
contents, after being accurately weighed, is luted bj^ the extremity 
d to the tube contiiining the qjiloride of calclunt. 'J'he glass 
tube containing tlie mixture of oxide of coppo^ and the substance 
to be analyzed, after being repeatedly exhausted by means of a 
syringe arched to it, passing through a tulie filled with chlo¬ 
ride of calcium to get rid of moisture, is luted to the other ex¬ 
tremity of the tube containing the chloQde of calcium, and placed 
horizontally on a small iron grate, and heated gradually and 
slowly by means of ignited charcoal, and this is oontinued till 
the process is finished, which, if properly conducted, will occilpy 
about two hours. The increase of weight in the chloride of cal- 
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cium gives the quantity of water formed, mu the increase of 
< weight in the potash tul^je gives jthc quantity of carbdnic acid 
formed. * From these two it is easy to calculate the weight of 
hydrogen and carbon in the substances under analysis. For the 
hydrogen is one-ninth of the vjpight of the water, and the carbon 
'tljree-elevenths o^ that of the carbonic acid. * 

Professor Liebig in the same paper showed how an estimate 
might be fortned of the quantity of azote contained in the sub¬ 
stance to^h« aaalyzcd»by subjecting it to a second analysis, in 
whic^the tube with the potash was left out, and the mixture of 
azotic aiid c£H'bqpic acid formed received in*^ set of ten «r twelve 
graduated tubes ^Klleit •with mercury, and siSndiftg on the mer¬ 
curial trough. The ratio of the carbonic acid and azotic gas in 
e*ich is dctcS’inincd by absorbing the carbonic acid gas; and that 
ratio gives the ratio of tlie atoms of azote and carbqp. Suj)pose 
one volume azote and four volumes c-arboii, then for every atom 
of azote there arc four atQins carbon. From these data, know¬ 
ing the specific gravities of azotic and ciirbonic acid gases, it is 
easy to deduce the weight of azote in the substance under ana¬ 
lysis. 

It was this apparatus of Liebig which gave popularity to orga - 
nic chemistry. The mode of analysis apjjcarcd easy and simple. 
Liebig devoted his laboratory to organic investigations. His 
pupils increased in number, and he started a periodical work en¬ 
titled Annalm der Pharmacic, in which the lal>ours of his nume¬ 
rous pupils were consigned. Organic analyses increased in num¬ 
ber, and almost every tmimaland vegetable principle was subjected 
to this impor^nt scrutiny. Facts were increased prodigiously, as will 
be evident to the most careless observer, if the contents of the two 
volumes regarding animal and vegetable substances be inspected. 

"But the defects of oxide of copper as a means of analysis, 
pointed out by Prout, especially^ its property of absorbing mois¬ 
ture and air with avidity, rendered it desirable that some substi¬ 
tute free from these defects should be discovered. Liebig point- 
ed out a substitute in 1837 in chromate of lead, the-employment 
of Vhich was first tried by Mr Richardson.* It is prepared by 
precipitating a salt of lea^by bichromate of potash. The preci¬ 
pitate is well-washed, dried, and melted in a Hessian crucible. It 
is tlicn pulverized, and, being put into a stoppered bottle, is ready 
for use. This salt has the important property of neither absorb- 

* Aunulen dcr Pharm. xxiii. 58. 
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ing moisture iiof air. Hence, when it used, the water formed, 
during the prtK5ess may be determine^ with more accuracy than* 
with oxide of copper. It gives out more oxygen than *oxide of 
copper, and therefore admits a greater weight of the substance 
under analysis to be employed, ^hich is of great consequence*; 
for we cannot expect accurate results unless* the quantity ay» 
lyzed amount to fifteen or twenty grains. • 

In the fifth volume of Dumas^ Traite de Chimie*appUqnee aux 
Arts^ (p. 3), published in 1835, he has given a ministe detail of 
the methods employed by him to secure accurate* results ,wh^ 
organic bodie^^ are^halyzed by means of oxide of eopper. It will 
be worth whilft to state some of the most important of these me¬ 
thods, or checks, as they* may be called. 

The oxide qf copper should not be prejiared by pp'jecipitating a 
salt of cojupor by means of an alkali, •because it has been ascer¬ 
tained that5ome of the alkali is aj)t to adhere to the oxide. We 
may obtain j)ure oxide of cojiper by hqating turnings of ?liat metal 
in a muffle till they are thoroughly oxydized, or by*OKposing ace¬ 
tate of copper to long-continued ignition in an Qp( 5 P vessel. J3ut 
one of the best sources of oxide of copper is tlic nitrate ignited 
in an open vessel. It gives a light, free, and very good oxide, 
but it should be well pounded and calcined a second time, in 
order k) be sure that all the nitric acid has been driven olf. 

The glass-tube in which the combustion is made must be of 
crown-glass, that it may be heated to redness without melting. 
Its internal diameter should be about 0*4 incli, and its length 
not less than sixteen inches. One end slafuid be shut and d|'awn 
out by the lamp into a fine point, c. The other gnd should be 


smoothed by a file, to prevent^ it from injuring the cork to be 
fitted to it. The figure h*ere given represents the combustion 
tube with the chloride of calcium tube a luted to it About 1*5 
inch at tlie bottom of the tube should be fill'ed with oxide ofenp- 
per. Then the mixture of oxide of copper and the substanfte to 
be analyzed occupying the space cvf, several inches. The rest 
of the tube should be filled with oxide of copper. If the tube be 
quite filled with oxide of copper, the gas evolved by the combus¬ 
tion will force it out of the tube and spoil the analysis. Liebig 
gets over this difficulty by tapping the tube after filling it, so as 
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to leave a small empty spfice at the upper part of it through which 
.the gas may flow without impediment. Dumas nflkes 'the oxide 
of copper, and the mixture of oxide of copper, and the body 
under analysis, with copper turnings, along which the gas finds 
its way. Others insert in the^axis of the tube a copper wire, 
a^qpg whicL the<gas passes. Some one df these precautions seems 
necessary, yet'they render the complete combustion of the sub¬ 
stance under^Analysis more difficult Should any carbonic oxide 
or carburetted hydrogen be mixed with the carbonic acid gas, it 
may inake its way through the apparatus and be lost altogether. 
Hen^e itogenoral^ happens that the quantity of casbon obtained 
by such analyses is below the truth. In Liebig’s laboratory, in¬ 
deed, this error was in some measure cx)mpensated by estimating 
the atomic Wi^ight of carbon almost two per cent, too high. The 
true atomic weight of carbon is 0*75 ; but Liebig adopted Ber¬ 
zelius’s number, 0*76435, which exceeds the truth by 1*913 per 
cent The only sure way of burning the substance under ana¬ 
lysis completdly is Dr Prout’s method of furnishing a supply of 
oxygen gas. „Probably the mixture of the oxide of copper with 
a certain quantity of fused chlorate of potash, would answer the 
purpose; or the length of that part of the tube filled with oxide 
of copper or chromate of lead might be considerably increased, 
and the whole might be kept at a red heat while the gas was 
made to pass very slowly through it. To prevent the tube from 
losing its shape it should be wrapt round with tinsel or a ribbon 
of sheet copper. 

Gjeat care is necesbary in introducing the substance to be 
analyzed into ^,the tul)e. If it be a solid it should be dried tho¬ 
roughly at 212°, or at a higher temperature, if it will bear it with¬ 
out decomposition. ‘ A given weight should then be put into a 
dry‘warm porcelain mortar and triturated with nine or ten times 
its weight of oxide of copper or chromate of lead. It is then, 
while still w*arm, tOi.be introduced into the tube. If the sub¬ 
stance to be analyzed be very volatile,'as camphor, naphthalin, &c., 
it is needless to tritulate it witli the oxide of copper. 11 is only 
necessary to introduce fragments of it into the tube alternating 
with oxide of copper till thejipquisite weight has been added, and 
then to proceed to analysis in the common way. When the li¬ 
quid is volatile* but not exceedingly so, but boiling between 248° 
and 572°, it is.to be put into a small tube shut at one end and 
open at the other. This tube is introduced into the decomposing 
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tube after some oki^e of copper, and thcji the tube is filled with 
oxide of coppclt and the analj^sis begun. When the substance* 
to be analyzed is very volatile, as alcohol, ether, &c., it is intro¬ 
duced into a little glass bead, drawn out iijto a capillary point 
by the lamp. This bead is slipt into the decomposing^tube, and 
covered in the dsual way iVith oxide of copper. See., and |be anp<^ 
lysis proceeded in. * 

When the substance to be analyzed contains a* 2 tote, precau¬ 
tions are necessary to decompose certain compbund^ of azote 
which are apt to be formed. It may make its escape in tlK»state 
of ammonia, or protoxide of azote, or dcu^oxidc oft *The 

ammonia will be decomposed into watci>and azotic gas in .pas¬ 
sing through the oxide of copjier in a state of incandescence. 
The other two gases to be decomposed must be pa^i^d tlirough 
a considerable length of red hot copper turnings. The oxygen 
of the giises‘combines with the copper, and the azote makes its 
escape and may he collected over morcury. In such cases the 
decomposing tube must be longer than ordinary, and'inust be di¬ 
vided into four comjiartments, the first filled witJi 4)xidc of* cop¬ 
per, the second with oxide of copper and the substances to be 
analyzed, the third with oxide of copper, and the fourth with cop¬ 
per turnings. 

We must begin with heating to redness the extremity of the 
tube next the open end, and we must gradually bring the fire 
along the tube, and the whole copper turnings and oxide of cop¬ 
per must be red hot before we apjily the heat to the mixture of 
oxide of copper and the substance to be 'iinalyzed. Care piiust 
be token to keep the open extremity of the tube hpt to prevent 
any accumulation of vapour there, which would prevent the suc¬ 
cess of the analysis. 

W c may form an idea bf the succcs'S of the analysis by the ap¬ 
pearance of the carbonic'acid gas as it is condensed jn the po¬ 
tash tube. If it comes over regularly and islowly, if it is quite 
colourless and without smell, wc may conclude that our process 
is going 'on w'ell. If, on the other hand, it be cloudy, coloured, 
and, above all, if any oily matter make its appearance in the tubes, 
we may conclude that the combustion, of the matter under ana¬ 
lysis is incorajdete, and that portions of the carbon and hydrogen 
are making their escape in the form of oily vapouKt 

When an analysis is happily conducted the formation of gas 
ceases all at once. When carbon has escaped combustion, and 
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is mixed with the oxide of copper, the evolutioh of gas goes on 
rfor {I long time. In suefi cases we should alwaj^' mistrust the 
accuracy of our analysis. 

M. Dumas’s method of determining the quantity of azote in a 
body under analysis is somewhat different from that of Liebig, 
when the combustion is complete (which, however, is diffi¬ 
cult,) seems ijuite accurate." It >vill be worth while to state it 
here : Into the bottom of the decomposing tube some grammes 
of pure dry carbonate of lead are introduced. Above it, is 
put a mixture of oxide of copper and copper turnings. In c is 



put a mixture of oxide of copper, and the body to be analyzed ; 
in e ten or twelve grammes of oxide of copper mixed with some 
turnings; while the outer portion is filled with copper turnings. 
The tube is connected with a mercurial trough, exhausted, and 
then a portion of the carbonate of lead is heated. The carbonic 
acid evolved drives out the common air in the tube, taking its 
place, and the process is continued till pure carbonic acid passes 
into the mercurial trough, end is totally absorbed by the potash 
placed for the purpose. The whole portion e of the tube is then 
made red hot, and the jiortion c being gradually heated the azotic 
gas. evolved is passed Slito the gas-holder over mereury. When 
it ceases to cpmc over heat is applied to the rest of the carbonate 
of lead in a, which carries with it all the azotic gas remaining in 
the tube. The carbonic acid is absorbed by the potash, and no¬ 
thing remains but the azotic gas. Its volume is measured, and 
its specific gravity being 0*9722, it is estey to determine its weight 
This method is very good; but another has been lately contrived 
by Drs Will and Varrentrapp, which will be stated below. 

The hydrogen is determined by means of dry fused chloride 
of (^Icium, as first proposed by Berzelius. The mixture of oxide 
of copper and the substanc^ under analysis is put into the com¬ 
bustion tube. This tube is luted, by means of an excellent cork, 
to a long tube filled with fragments of chloride of calcium, and 
this long tub^ is attached to a small air-pump, or rather syringe. 
The air is exhausted, and then allowed to flow back through the 



APPENDlJ. ' C 69 

tube filled with^hloride of calcium, which renders it very dry. 
The exhaustiftn j^ing repeated in ^is way fifteen or twenty^ 
times, the moisture which the oxide of copper so readily imbibes 
is withdrawn, and the whole made dry. The decomposition is 
then begun and completed in thg way already explained. The 
increase of weight of thetjhlorideof calcium tubu gives the qua»- 
^ity of water formed, and the ninth‘j^art of the weight*of water 
is the amount of hydrogen conimned in the substaitoe under ana¬ 
lysis. In general, the weight of hydrogen obtainsd^ exceeds a 
little that 01 the hydrogen in the substance under ahalysis.** Tl^it 
is the eonseqvenccwdf the difficulty of depriving the exide of cop¬ 
per of all moisture. The excess is so much l^s when chromate 
of lead is used: indeed,*if the proper precautions be used, the 
error in that oase may be considered as evanescent^. The whple 
water is ngt absorbed by the chloride* of calcium, a portion of it 
is usually deposited in a liquid state in the- small bulb at the end 
of the chloride of calcium tube next jthe decomposing lube. 

As common cork imbibes moisture it cannot be used when we 
wish to determine the hydrogen with very greaj; accuracy., In 
that case, the tubes sboidd be ground into each other so as to be 
air-tight. 

Iviebig’s j)otash tul)c answers so well for determining the car¬ 
bon by the w'cight of the carbonic acid evolved, that no addi¬ 
tional observations in that subject seem necessary. 

Liebig’s method of determining the azote is somewhat differ¬ 
ent from that described above, which is the method of Dumas, 
lie puts into the bottom of the dccomjjoiiflg tul)e a quanti|y of 
hydrate of lime ; and after the combustion-is at ap end, the hy¬ 
drate of lime is heated, and its water converted into steam, which 
forces all the gas remaining in the apparatns into the gas tubes 
standing over mercury. * These are filled in succession, and* the 
ratio between the volum^ of carbonic acid and*azotic gas being 
determined, it is easy to calculate how much azote the substance 
under analysis contained. 

But it must be acknowledged that both fhe process of Dumas 
and of Liebig leaves considerable uncertainty, and that tlidy af¬ 
ford at best only tipproximations tq*Jhe truth, A new method 
has been recently proposed by Drs Varrentrapp and Will, which 
is both of easier execution, and promises to be^usceptible of 
greater accuracy than any of the old methods.* • 

• Ann. der Pharm. xxxix. 257. 



670 * Appendix. 

It is founded upon the great affinity whicii exists between 
•azote and hydrogen. Whenever any sul^tance c'Kitaining azote 
and hydf ogen is heated in contact with potash^ lime, barytes, &c. 
it always gives put ammonia. Now ammonia is a compound of 
Az IP. Almost every organic body containing azote contains 
al^ hydrogen ; and the quantity of hydrogen is always sufficient 
for converting the azote into ammonia. This conversion ai-' 
ways takes place. Hence we may determine the quantity of 
azote in any^ substance^ by ascertaining the weight of ammonia, 
which it give^ out when decomposed. Such is the oasis of the 
method Yarrentrapp and Will. , 

Guy-Lussac h^ sti(\wn, tliat, if hydrate of poitash be mixed 
with an organic body destitute of azote, the water of the hydrate 
is rfiecompospd ; its oxygen uniting witli the carlipn and hydro¬ 
gen of the organic body, while its hydrogen is disengaged in the 
state of gas. The products formed by this energetic process of 
oxydizembnt vary according to the temperature*to which the mix¬ 
ture is exposed, and according to the constitution of the organic 
body... It is enough to state here, that when the organic body is 
destitute of azote, hydrogen gas is disengaged. When the or¬ 
ganic body contains azote, this free hydrogen unites with tljc 
whole of that azote, and is converted into ammonia. I’his pro¬ 
cess has been long in use to ascertain whether an organic body 
contjiins azote or not. 

When a substance contains a great deal of azote, as uric acid, 
melamin, mellon, &c., it is natural to suppose that the whole 
azote may not be coaverted into ammonia. A portion of it may 
unite with part of the carbon of the substance, and form cyano¬ 
gen, and this cyanogen (as also cyanic acid) may unite with the 
alkali or its bases. *And as such a combination may resist de¬ 
composition at a high temperatiu*e, we ftiay conjecture that a por¬ 
tion of the azote may be retained, and ^ot make its appearance 
in the state of ammonia. 

But Drs Vareiitrapp and Will have ascertained by direct ex¬ 
periment that when u sufficient quantity of hydrate of'potash is 
employed, and when the heat is not too low, the whole azote, even 
in the compounds just mentioned, is converted into ammonia. 
When cyanodide of potassium, cyanate of potash, or paracyanic 
acid is heated to redness with an excess of hydrate of potash, or 
with a mixture of hydrate of potash or soda, with caustic lime, an 
abundant evolution of ammonia takes place, and in the residue. 
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no trace of cyanogen or of any of its compounds can be discover¬ 
ed. In such ei^periments it is neccssaj^' to employ so much al- « 
kaline hydrate, that the whole*carbon of the matter be (Jxydized 
by the oxygen of the water of the hydrate. Thc^ mixture in the 
decomposing tube, after the process is finished, must be quit» 
white. In proportion to the richness of the ofgaqic bddy in car» 
bcfti, and according to the temperature, there are given otit along 
with the ammoniacal gas other pbrmanent gases, the gas of 
marshes, hydrogen gas, olefiant gas, or a jiiixtur^ o//these, and 
in many cas^ liquid compounds of carbon and hydrogen* pr qjt 
least drops of oily ^tter. • • 

Tti the bodies richest in azote belong ipdlaml^, mellon, cyano¬ 
gen, and its compounds. • But they all contain as much o^ (or 
more) carbon in proportion to their azote, as is sufficient by jjbs 
oxydizomciit to set free j? sufficient quantity of hydrogQii to con¬ 
vert the whole azote into ammonia. In some of tiiese compounds, 
as mellon, whose formula is C® Az^,^and mclamin, wlfleh is C® 
IP Az'^, the decomposition, when a sufficient quantity of alka¬ 
line liydrate is employed, goes on and is completecj^ withoqt j;hc 
evolution of any permanent gas. All the carbon is converted 
into carbonic acid, which remainS combined with the alkali, while 
all the azote is converted into ammonia, wliich flics off in the 
stiitc of^as, but is absorbed by the muriatic acid placed in the 
tube to collect it, 

Tlie process employed by Varrentrapp and Will for collecting 
the ammonia ^om the decomposition of bodies containing azote 
is founded upon the facts that have been j«ist stated. The orga¬ 
nic body is mixed with a sufficient quantity of hydrate of potash 
or hydrate of soda, previously mixed with caustic lime. It is put 
into a crown glass tube from 16 to 18 inches long, and about 3 
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lines wide. The shut end is to be drawn out iihto a long point, 
• which is hermetically seeded. To tlie open‘end of this tube is 
fixed, b^ means of a good cork, so as to be air-tight, the bent 
tube, «, h, c, somewhat resembling Liebig’s potash tube; but 
having only the three bulbs, cj, b, c. The central bulb, b, is fil- 
4e^ with a quantity of muriatic acid of commeree to absorb the 
ammonia. The avidity of muriatic acid for ammonia is so great 
that there is: ‘no risk of any loss*." 

•r 

The h;^( 3 i 5 ate; of potfish or soda is to be mixed with so much 
quicklime, that the whole can be easily rcduc>ed to'^powder, and 
that^it slljould not melt, but only soften a little in the decompos¬ 
ing tube. As liydrate of soda has a smaller atomic weight tlian 
hydrate of potash, it is to be preferred! One part of hydrate of 
soda mixed,^th two parts of anhydrous lime will answer. When 
hydrate of potash is used, it should be mixed with thrice its weight 
of quicklime. The best way is to heat the hydrate of alkali to 
redness, "so as to bring it into a state of fusion. It ought, then, 
to be rapidly pounded in a warm mortar, and intimately mixed 
with the lime^ And while still dry, it must be put into a well- 
stoppered phial and kept for use. 

The decomposing tube is now about half-filled with this mix¬ 
ture. The quantity of the organic body containing azote requi¬ 
site varies with the quantity of azote which it contains. Ac¬ 
cording to Varrentrapp and Will, it is not necessary to use more 
than six or less t^an three grains. It is to be mixed with the 
hydrate of soda and lime in a warm and dry mortar, and consi- 
dcmble precautions a 'e necessary to prevent any loss. 

The muriatic acid tube is attached to the decomjwsing tube by 
a good cork; and care must be taken to ascertain that the ap¬ 
paratus is air-tightr The open end of the tube, which contains 
uomrganic matter, is first to*lx; heated*fco redness, in order to pre¬ 
vent any of th.e organic matter from passing without being de¬ 
composed* completejy. The cork most be kept as warm as pos¬ 
sible, that no moisture may lodge about it; because such a de¬ 
position would cause a loss of azote by absorbing some ammo- 
liia. 

As soon as the open end* is red hot, the file is removed farther 
back. The oxygen of the alkaline hydrate forms carbonic acid 
with the whqjie or with a portion of the carbon in the organic 
body, while the hydrogen combines with the azote and forms am- 
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moniaj which esc^pj^s in the gaseous forjn. At the same time 
there escapes, ^ficcording to thg nature S)f the organic substance,) 
either pure hydrogen gas, or carburetted hydrogen, which are 
not absorbed by the acid, and which are easily Recognized by 
burning them with oxygen gas. • ^ 

The combustibn goes on* so rapidly, that a constant ciyrent^f 
gas passes off. But there is no risk 6f any of the ammonia es¬ 
caping ; it is absorbed so rapidly and so completely 1)y the mu¬ 
riatic acid. When the action of the fire i^suddcill;^ siqpped, the 
whole acid liquor gets into the ball a, and it may even (ft&lesf 
care be taken) ^nakewfts way into the decon|posi^ tlibe’^fmd«dc- 
stroy the analyils. • 

But few substances conlain so much azote, that, in order to 
convert the carhpn into carbonic acid, the whole liy<drogen s6t 
free combi with the azote into amm<9nia. • 

To prevenf the too rapid absorption of the ammonia, ^arreii- 
trapp and Will recemmended mixing those substances which con¬ 
tain a great deal of azote, witli sugar or some organitf body des¬ 
titute of azote. This last substance, by its decon^ositioH by 
means of the alkaline hydrate, gives out a permanent gas, which 
dilutes the aramoniacal gas, and prevents its too rapid absorption. 

When the process is at an end, and this is known by the ceas¬ 
ing of tlic evolution of all gas, and by the substance in the de¬ 
composing tube being quite white, the point a of the decompos¬ 
ing tube is to be broken oftj and air slowly sucked through the 
a})paratus by applying the mouth to the extremity g. The ob¬ 
ject of this is to extract any ammonia that ifidy remain and cagse 
it to be absorbed by the muriatic acid. , 

The ammonia, while in contact with alcohol and charcoal in 
the decomposing tube, might form cyanogen Or cyanodidc of po- 
Uissium. The white appedhince of tli(f residue in the decompos¬ 
ing tube is a proof that thtflieat has been sufficient^) burn all the 
carbon, and that the formation ol^ cyanogen is jiot to be dreaded. 

Such is the mode of analysis of solid bodies containing azote. 
The number of organic liquids contaiiiing azbte is small. The 
process for analyzing them is quite similar. A portion of flie 
decomposing tube is lilled with tiic mature of alkaline hydrate 
and lime, then the glass globule containing the liquid to be ana¬ 
lyzed is dropt in, and the tube is filled with mixture of alkaline 
hydrate and lime. The process of decomposition is the same«s 
before. 

u*i 
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After the process is conipleted, the liquid in Vlie muriatic acid 
‘ tube is emptied into a porcl^lain basin, and the tubels to' be washed 
quite clean with a mixture of alcohol and ether. About an 
ounce or an ounce and a half is sufficient to wash out all the sal- 
ammoniac which is left in it , An excess of chloride of platinum 
^s^now added to it, and the whole is evaporated to^ryness over the 
water-bath. ‘ If the process has been rightly conducted, the am- 
monia-chloiide obtained has a fine yellow colour. When the 
organic bdkly decomposed contained much carbon, and was diffi¬ 
cult .to burn,Hhe platinum precipitate has a darker colour, be¬ 
cause the muriatic acid being evaporated in coptact with car- 
buretted hydrogen blackens. But this has no influence on the 
result, provided the chloride be carefully washed, 
t The dry* residue in the porcelain dish whqn cold is to be 
treated with a mixture ofi two volumes of strong alcohol and one 
volume of ether, in which the platinum sal-ammonh.c is quite in¬ 
soluble, though the chloride of platinum dissolves in it readily, 
Wc easily 4cnow by the yellow colour of the solution if an excess 
of •chloride pf platinum has been employed. If the solution be 
colourless, it follows that too little of that chloride has been em¬ 
ployed. 

The platinum sal-ammoniac must be collected on a filter, 
dried, and washed with alcohol and ether till these liquids 
pass through colourless. It is then to be dried at 212°, and 
weighed. It is a compound of one atom of bichloride of pla¬ 
tinum and one atom of chloride of ammonium. „ Bichloride of 
platinum is PI Chi^«=: 21, and chloride of ammonium is Az 
-f- Chi == 6*75, so that 27*75 grains of it contain 1*75 of 
azote. Hence, if we multiply the ammonia-bichloride of plati¬ 
num obtained by 14, and divide the product by 222, the quo¬ 
tient will give the weighs of azote which it contains. If we ex¬ 
pose this yelhiw powder to a good reJd heat, everything will be 
driven olf except J;he platinum. How, 27*75 of the salt leave 
12 of platinum. Hence, if we heat to redness, and weigh the 
residue, every 12 'grains is equivalent to 1*75 grains of azote. 
IfJ therefore, we multiply the weight of platinum powder ob¬ 
tained by 1*75, and divide the product by^l2, the quotient will 
give the weight of azote in the quantity of organic matter sub¬ 
jected to aqalysis. 

^Tom the experiments of Varrentrapp and Will, it appears that 
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this process do^ qot answer when thoi body analyzed contains 
azote in the TRrm of nitric a^id, not even when mixed^witb six* 
times its weight of sugar. Indeed, the late experiments of M. 
lieiset have shown tliat the process of Varrentrapp and Will is 
not susceptible of absolute accuracy. When bodies destitute of 
azote, as sugar* and stearin, are heated in a combustjpn tub^ 
wi*th a mixture of lime and hydrate df soda, a certain portion of 
ammonia always makes its appearance, derived from the azote of 
the common air contained in the tube. fThis aiottf4u*st unites 
with carbon, and forms cyanogen, and the cyanogen is ultiAfltely 
converted into ammonia. Sugar treated in tj;iis way t ‘Oateper 
cent, and stearifli 0*92 per cent, of ammonia. The error from* this 
source in the eighteen an^yses made by Varrentrapp and Will, 
namely, of urecw uric acid, taurin, oxamide, caffeini* asparagift, 
melamin, lilppimic acid, amygdaliii, iftircotin, piperinj brucin, 
harmalin, fibtin, albumen, and casein, protein and oil of jnustard 
was exceedingly small, liut if Manzini’s analysis of cinchovina 
be correct, that it contains 7*18 per cent, of azote*'the error, 
when the azote is determined by mixing it with sugar, and*col¬ 
lecting the ammonia formed, is so^cat that the azote is increas¬ 
ed from 7’18 to 11*95, or 4*77 per cent* 

Such are the methods of determining the enrbon, hydrogen, 
and azole contained in organic bodies. These being added to¬ 
gether, and the sura subtracted from the weight of the organic 
body subjected to analysis, the remainder must represent the 
weight of oxygen which the body contains; but which, from the 
way in which the carbon and hydrogen ai^ •obtained, united«to 
oxygen, cannot be evolved in a separate state. , 

Having obtained the weight of each constituent in 100 parts 
of the organic body subjected to analysis, the^ext step is to de¬ 
termine the number of atoihs of each idgredicnt contained in dh 
integrant ))article of the otganic body. To detenuine tliis we 
must know the atomic weigHt of the body under examination. 
Now this body may be an acid, or a base, or a volatile neutral 
body, or a^xed volatile body. 

1. To determine the atomic weight of an acid we must, in tRe 
first place, ascertain Tiow much water^t contains when in crys¬ 
tals, how much of this water can be driven off by the highest tem- 
]>erature which it can bear without dccompositiou, and how 

• 

* Ann. de Cbitn. et de Pbys. (3d series), v. 469. 
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much more it loses wbep strongly heated with a given weight of 
'oxide of^lead. Suppose we have 7*875 of oxalic atild crystals. If 
we expose these crystals to the highest temperature they can 
bear, without ticcomposition, the loss of weight will be 2*25, 
which is oquivalent to two atoms water. If we mix the 5*625 of 
Vesidue^with fourteen yellow oxide of lead, and "heat, the loss of 
weight will be 1*125, whith is equivalent to another atom of 
water, and'there will remain a neutral compound of fourteen 
oxide of rl^d, hnd 4*5^ oxalic acid. But fourteen is an atom of 
dxid%''of lead, consequently 4*5 is an atom of anhydrous oxalic 
acid. as -oxalic acid is a compound V, - •» 

» * Carbon, . . ^ 33*33 ’ 

Oxygen, . . 66*66 

It is obvious that it must be composed of, 

' 2 atoms carbon, . . 1 *5 

3 atoms oxygen, . . 3* 


4*5 

Beesfuse this number of atoms alone gives the ratios and the ato¬ 
mic weight of the acid. 

As another example let us take 26*25 of crystals of citric acid, 
and heat them sufficiently. The water driven off will weigh 
2*25. If we mix the residual 24 with 42, or any greater quan¬ 
tity of oxide of lead, and heat in a crucible, taking care not to 
decompose the acid, there will remain 62*625. From this, if we 
subtract 42, the weight of the oxide of lead, there will remain 
20»625 for the weight of the anhydrous acid. The loss of weight, 
consequently, is 3*375, which represents 3 atoms of water. These 
three atoms of water have been replaced by 42, or three atoms 
of oxide of lead. * Hence, citric acid is tribasic, and its atomic 

f» 

weight in the anhydrous ^te must be'20*625. It is composed of, 
• Carbon, . . ‘ 43*636 

Hydrogen, . ' 3*030 

Oxygen, . . 53*334 

100 ‘ 

Hence the number of atqms in it must be, ’ 

12 carbon, = 9 

. r 5 hydrogen, = 0*625 

• 11 oxygen, =11* 


20*625 
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Because this is fte^ number that gives*t^e atomic weight, and the 
ratio of th*e cSfistituents. t . • 

From these examples it wifi be evident that, in orde? to have 
the atomic weight of an acid, we must be able to«gct it quite an¬ 
hydrous. But in many cases w(^ cannot drive off the whole of 
the water which it contaiifs without substitutin*g some other bage» 
i^ifow oxide of lead and oxide of silver are the two bases that 
answer best for obtaining anliydrous salts. Oxide of lead is 
most convenient because it is cheapest. We muat d^^ermine the 
weight of water that escapes and the weight ofoxid(f of leadipbioh 
takes it» place* Tl;i8se will bear a certain ratio to«6agh oUier. 
If the water b§ 1*125 and the oxide of loa^ 1^ then the acid is 
monobasic, and its atomieVeight is obtained by simply analyzing 
its salt of lead* reckoning the weight of oxide of 1 jgid in it 1^, 
and ca1culaj;ing the corresponding weight of the acid. If the 
water displaced be 2*25, and the oxide of lead substituted in its 
place 28, then the acid is bib^isic, and ^ * 

Wliat are called etliers are combinations of an tiiom of acid 
with an atom of IF (). A good way of determipigg the atomic 
weight of an organic acid is to convert it into ether and to ana¬ 
lyze in the ordinary way the ether obtained. Being composed 
of an atom of acid and an atom of O, it is easy from that 

analysis to deduce the atomic weight of the acid. 

The mode of determining the atomic weight of bases is so 
nearly the same with that of acids that but few remarks arc ne¬ 
cessary. A given weight of the base dried at 248®, may be dis¬ 
solved in alcohol. The solution may be sinxed with water^and 
the alcohol distilled off. We may then exfictly neutralize the 
base with sulphuric acid, and, by decomposing afterwards by chlo¬ 
ride of barium, determine the weight of sulphuric acid capable 
of saturating a given weight of ba^» This (if we suppose •an 
atom of base to saturate tin atom of acid) gives data for cal¬ 
culating the atomic weight ^f the base. ^ • 

Liebig employs another method, which often answers very well. 
It consists in causing a current of dty inurmtic acid gas to pass 
through a glass tube blown into a ball in which a weighed quan¬ 
tity of the base is •placed. The increase of weight gives the 
quantity of muriatic acid which has united to the base, and en¬ 
ables us to calculate the atomic weight of that base. The muri- 



678 


iiPPENDIX. 


atic gas is dried by pas^ng through a tube filled with chloride 
of (alciuiD. 

When neutral bodies, which do not enter into definite com¬ 
pounds with other substances, are volatile, as the volatile oils, Du- 
'mas has jgointed out a very ingenious method of determining their 
•a^mic weight by the density of theif vapour. ' He puts into a 
glass balloon a quantity of the substance, the density of which is 
to be deternlined, and then draws out the mouth of the balloon 
to a capillary ^loint that it may be easily hermetically sealed. 
The.^talloon is then heated from 70® to 100® above the boiling 
point the. substance, whose specific gravity, is to be determined, 
and it is kept at that temperature till all the excess of the siil>- 
stance is driven out of the balloon. When this has taken place 
tbe capillar,y end of the mouth is hermetically sc'ded. The ves¬ 
sel is nov' filled with vapour at a known temperature, under the 
pressure of the atiKospherc at the instant that the balloon wjis 
shut The volume of the balloon and the weight of matter con¬ 
tained in it' being known we have all the necessary data for de¬ 
termining tbp fjpccific gravity of the vapour. 

The balloon or globular glass vessel should be of clear glass, 
equal and not too thick. Its capacity should not be less than 
fifteen nor more tlian thirty cubic inches. It must be washed 

ft 

clean in the inside, and dried by passing a current of air‘through 
H while hot. The mouth must then be diawii out into a long 
capillary tube. The air which it contains is dried by putting the 
balloon under the receiver of an air pump, exhausting the receiv¬ 
er, and causing the a> to return into the receiver through a tube 
filled with dry chloride of calcium. By repeating the exhaustion 
two or three times the air in the balloon will be quite dry. The 
balloon is then weighed, marking the height of the thermometer 
and barometer at the time. 

If the substance, the density of yrhose vapour is to be taken, 
acts on tlie air of l^e atmosphere, we must fill the balloon with 
hydrogen or carbonic acid gas. 

The balloon is now to be gently heated, and the beak of it 
plunged into the substance, the specific gravity of whose va¬ 
pour is to be determined, which is supposed lo be either liquid or 
to be liquefied by a moderate heat. In proportion as the balloon 

cools the substance enters into it. We should allow about 80 
■ 

grahis of it to enter. 
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When we operate on a substance*tliat boils at 212® or at a 
higher temperSture, its introduction iSto the balloon is jittcnded* 
with no difficulty. But if it be very volatile, as soon as it comes 
into the balloon it gives out much vapom*, ^tops» the process, or 
even drives out again the portion •which has entered. ^To reme¬ 
dy this the balloon is sprinkled with ether, and we blow^upon^fj 
with a bellows to hasten the evag^ratibn. This cools the balloon, 
and allows the process to proceed; on the other hafid, when we 
operate upon a substance whose melting point is ft litflg elevated, 
it becomes solid in the capillary tube and stops the procedfe# To 
remcdy*this v«e tahcf up the balloon with ^ pay of f>!h«ers;^ and 
hold it over a Charcoal fire, so that the temperature of the <;apil- 
lary portion is heated. If we now plunge the capillary point in¬ 
to the substanw it passc^ in without becoming solid^. • 

The ball 4 )on being thus charged it i? put into the bath in which 
the experiment is to be conducted. If the matter boils below 
212®, the bath consists of water; if below 393° we employ a bath 
of fixed oil; if above 400°, the bath must consist of fusible metal. 
AVe miglit raise an oil bath to 572° or even tu fi00°; but we 
would run the risk of setting fire to the apartment. The expe¬ 
riment on that account would require to be performed out of 
doors. The liath should bo such that it can be raised 100° 
above the boiling point of the liquid, the density of whose va¬ 
pour we wish to determine. If attention is not paid to this the 
specific gravity of the vapour will be too high. 

The liquid •employed for the bath is put into a c^t iron pot. 
The balloon is attached to an iron triangle,*\fhich is kept pluqged 
into the liquid by three leaden weights attached tq the ends of 
the triangle—a thermometerJs plunged into the bath to indicate 
the temperature. The fire is lighted, and continued till the bath 
reaches the boiling point*of the liqui(? in the balloon. Vapfiur 
then issues from the capiflary beak, and continues till the whole 
is driven off, and nothing fhmains but vapour, with which the 
balloon is filled. We must continue the heat for some time after 
the evolution of vapour is at an end*. The bapillary end of the 
balloon is then hermetically sealed. To see whether the seating 
is complete we have* only to blow col4 mr on the beak of the bal¬ 
loon. The vapour condenses in the capillary tube into a liquid, 
but this does not happen if the sealing be not complete. 

No farther precautions are necessary if the bath bti water. 
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When an oil bath is usqd tJierc is more difficulty in obtaining the 
('Same temperature in th4 vapour and the bath. "When the oil 
bath is heated to within 20® or 30® of the point at which we wish 
to stop we must damp the tire. This causes the temperature to 
vise more slowly. When wct are within 8® or 10® of the point 
i^e fire must he drawn. This causes the increase of temperature 
to be very slow, and enables that of the vapour to become as high 
as that of thO oil. 

The baBfforisis now"removed from the bath, and wiped clean 
^ith«the greatest care. When cold and clean it is weighed. 
The inc,V€are«of weight gives the quantity of raattiw in the balloon 
that had been couvertoil into vapour. 

The beak is now plunged into mercury and the point broken 
offi The uiercury enters the balloon and fills k completely, if 
the whole air had been expelled. If not, a portion of^ir remains, 
the volume of wliiclh must be noted and subtracted from the ca¬ 
pacity of the balloon. When the experiment ^las been properly 
made the residue of air does not exceed 0*1 or 0*2 cubic inch. 

- The capacity* of the balloon is determined by filling it with 
inercmy, and measuring the mercury by pouring it into a gra¬ 
duated vessel. By these determinations we know the weight of 
the vapour and its bulk, from which we deduce the specific gra¬ 
vity. The excess of the weight of the balloon full of vapour, 
minus the weight of the air which the balloon contains, gives us 
the weight of the vapour. 

Knowing the volume of the balloon and the t?mpcrature of 
the air when it was worghed, we bring this volume by calculation 
to what it would be, supposing the thermometer at 32® and the 
barometer at 30 inches, and this corrected volume is converted 
into weight, by the known weight of 100 cubic inches of air at 
32^ and when the baroiaeter stands at 30 inches; namely, 
32*79 grains. *■ 

As the ualloon was increased in bulk by the high temperature, 
we must calculate how much that was, and allow for it. This is 
easily done, as we know that the expansion of glass for of Fah¬ 
renheit is -jkIb T» these corrections being made we have the 
weight and the bulk of thet vapoui*; and, dividing the latter by 
the former, the quotient gives us the specific gravity of the va¬ 
pour under examination. 

i^ow let us sec how this knowledge of the specific gravity of 
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a vapour may bfc applied to the knondedge of its atomic weight, 
and conscquertly of the number of at(ms which it contains. ^Lefc 
us take benzoic acid as an example. It is composed ol5 


Carbon, 

74*3*4 

Hydrogen, 

. *4*42 

•Oxygen, . 

2r*24i 


100*00 


The specific gravity of its vapour, as det^mineej by^)urnas and 
Mitchcrlicli? is 4*27. Now the specific gravity of a volu^pe pf 
carbon .vapour and^ydrogen gas, and of half a of oxy¬ 
gen gas* is asifollows: . * • 

Carbon, • 0*4166^ 

^Hydrogen, 0*0694 

Oxygen,* . . , 0*5555 • 

The atomic *vcight is 14*125.’ Nowit is e^y to see that II'' 
give that atonjic weight To sec jvhether the specific gravity 
of the vapour of benzoic acid agrees with this number, we have, 
14 volumes carbon weigh 5*8^3^ 

5 volumes hydrogen, . 0*3472 

14 volume oxygen* . 1*6666 


. 7*8472 

If these 22 atoms were condensed into one volume the s^Kici- 
fic gravity of the vapour would be 7*8472. But this great con- 
dens!itiou seldom takes place. In general we must divide by 
2, showing that the atoms are condeusei^vinto two volumes in 
the vapour. Dividing 7*8472 by 2, we have 3*9236, whicl*ap¬ 
proaches pretty nearly to the density of the vapour’found by ex¬ 
periment:. • 

Let us take another example in vfluch the atomic weight can- 
not be determined directly; that we may sec tb^ use that may 
be made of the specific gravity bf tlie vajwur. Let th#substance 
be camphor. It is composed of, 

• Carbon, •. • 78*04 

Hydrogen, . 10*53 

Ofcygen, . • 10*53 

. •• _ 

100*00 

• 

• The reason of taking a volume of the first two and half-a-volume of*bxy- 
gen, is, that a volume of carbon and a volume of liydrogen are each reckoned 
equivalent to an atom, while a volume of oxj'gen is eqi«valent to two atoms. 
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The specific gravity of its# vapour, as determined by Dumas, is 
.5*337. ' r ' c " 

To obtain an idea of the number of atoms which it may con* 
tain, let us divide the constituents per cent, by the atomic weight 
of each constituent. , 

'Carbon,' . db 105*25 « 

' lijrdrogen, .' = 84*24 

Cbiygen, . I?’*?- 10*63 

, Hp|jice'th(? ratios of the respective atoms are, 106*25, 84*24, 
and 10*$3x^ .It will be convenient to briiij»^ these nuipbers to 
lower terms. A^Jid fng simplest way is to suppose the oxygen 
only to amount to one atom. If we dalculatc on this supposi¬ 
tion we findf that the constituents of camphor wiH be, 

Carbon, , , 9*995 atoms, or 10 atoms. 

Hydrogen, „ . 8* do. 8 dv^ 

Oxygen, . ^1* do. ,1 do. 

I jet us SQO how far the specific gravity of the vapour of cam- 
plmr ;w'ill agree, with this estimate, 

10 volumes carbon weigh, 4*1667 
8. volumes hydrogen, . 0*5555 
^ volume oxygen, . 0*5555 

5*2777 

It gives us 5*2777 for the specific gravity, on the supposition that 
the 19 atoms are condensed into one volume. Ibit, as in most 
organic vapours, thev atoms are condensed, not into one, but into 
two*^ volumes, it is much more probable tliat the constitution 
of camphor is O. The weight of these volumes would 

be 10*5555, which, divided by 2, would give 5*2777, difiering 
but little from 5*337, found by Dumaa 

These examples will give the reader a suflScient idea of the 
way in which the atomic weight is deduced from the knowledge 
of the sjiecifie gravity of the vapour of a body whose constituents 
have been determined by analysis. This specific gravity ought 
to amount to half the weight of the atoms of wliich the vapour is 
composed. It must be acknowledged, however, that this mode 
of coming at the atomic weight is only conjectural: for we can¬ 
not assign any reason why the atoms making up the organic 
body constitute not one volume, or tiiree or four volumes, but 
always two volumes. There doubtless is a reason for it, if the 
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sup{)Ositlon be ^birect; but at present jt is out of our power to 
assign any rAison whatever, « , • 

Such was the state of the analyas of organic bodies Vhen M. 
Dumas, by an admirable series of experiments, demonstrated that 
the atomic weight of carbon, as %dmitted by the continental che¬ 
mists, from the experiments of Berzelius, namely, 0‘'^64383^4s 
ifbout 2 per cent too high; and that the true nulnber is 0’75.* 
To determine the exact composition of carbonic abid, MM. Du¬ 
mas and Stas placed diamonds successively in a poAclain tube, 
which was Heated to redness, and a current of oxygen ga^passed 
through it tiU th^^iamond was converted iq[to carbonic ^acid. 
The oxygen passed previously througli«a tulJe filled with,frag- 
ments of pumice imbibed with caustic potash, and a second tube 
filled M'itli fr£)gments of caustic potash, to depriv^ the oxygen 
gas of evejy trace of carbonic acid with which it miglit happen 
to be mixed. It then passed through a 4:ube filled with frag¬ 
ments of ])uniicc* impregnated with sulphuric acid, iif order to 
deprive it of any water which it might contain. Be'^ond the por¬ 
celain tube was luted to it a long tube filled wHh ^xide of cop¬ 
per, which was kept in a state of ignition during the process, and 
through which the surplus oxygen and the carbonic acid formed 
all passed. To this was luted a tube bent like U, and filled with 
fragmoiits of pumice soaked in sulphuric acid, to imbibe any 
water tliat might be formed during the combustion; then a Lie¬ 
big’s tube containing caustic potash, then two tubes in U filled 
with pumice impregnated with caustic potash, and lastly, a tube 
in U filled with fragments of pumice iotpregnated with ^ul- 
]>huric acid, and finally, another tube containing potash in pow¬ 
der. The whole apparatus is represented in the figure below. 



It was ascertained by preliminary* triids that, in this appa- 

* Ami. de Cliim. el de Phys. (third series,) i. 5. These •eperiments have 
bt'cii rt-peated and confirmed by Erdmann and Marchant. Ibid. iii. p. 500.* 
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ratus, the whole carbonic dcid formed during tKie combustion of 
the diamonds was absorbold, and could be determhr.ed by weigh¬ 
ing the Several parts of the appara'tus. 

1471 parts of graphite being burned in this apparatus, the 
carbonic acid formed was found to weigh 5395. Hence it is 
composed *of 2 cOxygen 0*7497 carbon. ♦ 

The ^motid is much mere combustible than graphite. The 
quantity of liydrogcii which it contained was not appreciable, 
and certaijily did not ^amount to 1'^® weight of the 

d'ampnd. Tiic mean of five experiments on the combustion of 
the diamcJiyb ha which the greatest quantity, of di^imoul burnt 
was 21*22 grains.‘’an(f the least 10*926, gave for the composition 
of the carbonic acid formed, * 

,«Oxygen, . 800* or ^ 

, fcarbon, . . 300*02 or 0*75005 

It follows from these analyses of Dumas and Stas thgjt the atomic 
weight oV carbon adopted by Liebig and his pupils in the labo¬ 
ratory at Giessen is too high. Consequently, in all their ana¬ 
lyses ,the quantity of carbon found by them in organic bodies is 
too high, and consctiuently the quantity of oxygen too low, 
Dumas lias shown that in all these analyses a portion of the car¬ 
bonic acid formed was allowed to escape. This partly compen¬ 
sated for the excess of enrbon calculated, and brought their re¬ 
sults very near the truth. . This loss of carbon took place in 
four different ways. 

1, The carbon is not completely consumed from the want of 
oxygen. ^ 

2l The copper reduced is partly converted into carburet of 
copper. 

3. The liquid potash in Liebig’s tube allows some of the car- 
bo*iic acid formed to escape: 

4. The air Sucked through the apparatus carries off water 
from the potash, and diminishes its weight. 

These observations of Dumas leave no doubt that organic 
analysis, in its present state, fe incapable of giving results, the 
acc'iracy of which can be fully depended on. To bring it to the 
requisite state of precision he proposes the foll<owing amendments: 

1. The quantity of organic* matter analyzed should never be 
less tlian.l5 or 20 grains. 

2, After the analysis is terminated, but while the decompos- 
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ing tube is still^Qcl hot, a considcral^e^quaiitity of oxygen gas 
should be pa^d through it, so as to blirn all the charcoal dcpo-* 
sited, and to re-oxydize the copper, which has been reduced dur¬ 
ing the process. , • 

3. To collect all the water, besides a tube filled witji chloridS 

of calcium, thcfc should be another filled wit& pumice, ^hargpd 
with sulphuric acid. • • 

4. To collect all the carbonic acid gas, besides Citbig’s potash 
tube, there ought to be another filled wilAi fragiAcnIrf pf dry po¬ 
tash, and another with fragments of pumice, charged witlPJdqukl 
potash.* The-dry ^Jbtash arrests the water wi^ii whililu the. car¬ 
bonic acid maj be charged, in consequence of ife passing thrpugh 
the liquid potash in Liebig’s tube. 

After the ouygen gas^ has completed the combu^on, and ttie 
whole hasjieen allowed to cool, a quantity of dry ah* is to be 
passed throTigh the apjmratus to displace •the oxygen gas, and 
prevent any augmentation of weight which might otherwise ensue. 

Tlie analysis should be made slowly, and ought occupy se¬ 
veral hours. 

Thus Dumas’ process of analysis is the same as that of Dr 
Prout, with some improvements, which enable him to weigh the 
water and tlic carbonic acid formed. Wlien rightly conducted 
the resftilts must be accurate, and of course, however often re¬ 
peated, the same proportion of constituents must be obtained. 
But Dumas’ process enables us only to determine the weight of 
carbon and hydrogen contained in the org.anic body analyzed. 
When that body contains azote we mus# liave recourse t<^ the 
process of Varreiitrapp and Will, which has beeg already de¬ 
scribed. 



No. ir. 


TfBLE OF THE Atomic Weights of Animai Substances 
AND OP the VeGBTABIjE SuBSTANCES WHICH HAVE BEEN 1N“ 
VE8TIGATED BY 0HEM1STS DURING THE YEARS ^1839, 1840, 
1841, AND 1842, OXYGEN BEING UNITY. 



Composition. 

Atomic 

weight. 

A 

Abies excelsa resin, a . 

(M0JJ29Q6 

39*625 

Abies excelsa resin, b 
Acetate of oxide of amyle 


3ti*625 


16*23 

Acetate of methyle 

Cni»03+C*H^0 

9*25 

Acetic acid 

C^llW 

6*375 

Aconitic acid 


14*5 

Adipic acid 


18*625 

Albumen 

10(C*«IPiAz*O'2)+Ph+S2 

552*25 

Albumen of silk . 


77*23 

Alcohol 

C^H^O+IIO 

5*75 

Aldehyde . ... 

CnTO+HO 

5*3 

Allwtoin 

C'‘H3Az20‘’ 

9*875 

Alloxane . ^. 

C“IPAz*Oi<> ^ 

20* 

Alloxanic acid • . 

C»H2Az«0»+2(H0) 

C»H«Az*0’‘<> 

19. 

Alloxantin ”. 

20*123 

Amarythrin 


16* 

Ambrein . • , • 


89*75 

Amyle 


8*875 

Ane&onic acid 


11*875 

Anemonin 


9*625 

Anilin 

C^^lTAz 

11*625 

Anim6 resin 

C40HS2+HO 

33*125 

Anisic acid 

C16H60* 

17*75 

Aniswin 

C*0Hi*O* 

*• 

18*5 
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Anisol 

Anscrin 

Anthracin 

Anthranilic acid 

Antiar resin , 

Ai^thracinasc 

Attthracinese 

Authracinisc 

Anthracinose 

Anthracinuse* 

Apoglucinic acid 

Aspartic ^cid • 

Asphaltene • 

Aisalaic acid 

Azobenzide 

Azobcuzoid * 

Azobcnzoidiy 

Azobcnzolid * 

Azotido of bcnzylo 

Azo-erythriii 

Azolcic acid 

Azolitmin 

Azomaric acid 


Ihlollinm 

Benzamido 

Benzene 

Benzhydramide 

Benzilic acid ^ 

Bonziraide 

Benzin 

Benzoate of hydret of 
benzyle 

Benzoa te of oxide of 
methyle 
Benzoenc 
Benzoic acid 
Be^izoin 

Benzoin resin, a . 
Benzoin r^sin, b . 
Benzoin resin, c . 
Benzole 

Benzolon . - • 

Benzone 

Benzostilbin 

Benzyle 

Benzylic acid 

Betulin 
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'Bibfoniiafitic acid 
Bibromisatide 
Bibromisatin « . 
Bichlorisatic acid 
Bichlorisatin . • 
Bfcutrobmzide^ 
Binitrobenzoeno . 
Bisulphatc of amyle 
Bisulphnrc1?;(Of efhyU* 
Botany Bay re.dn 
Bromasinoi 
Bromide *of Amyle 
Bromide of benzyb 
Bromide of cacodyle 
Bromide of methylc 
Bromide of salycyle 
Bromisatiii 
Bromobonzoic acid 
Bromociiiiinol 
Bromophcuisic acid 
Brucina 

Butyric acid ~ • 

C 

Cacodyle 
Cacodylic acid 
CafiFein 

Campholic acid 
Camphoric acid 
CampboBulphuric acid 
Cancrin 
Cantharidin 
Carbazotic acid 
Carbomethylic acid 
Carbovinic 
Caimin 

Casein . , . 

Cateebuie acid 
Cedrene ' . 

Cerebric acid 
Cerosin 
Cetene 
Cinchonina . 
Cinnamein . 
Cinnamen 
Cinnamonic acid 
Cinnamonic etl^er 
Citrdconic acid 
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Composition* 

Atomic 

weight. 

' Ci‘’H3B'-*AzO^+HO 

39-25 

C^WBr^AzO^ + S 

40*25 

CioRSBr^AzO* 

38*125 

Ci6|PChl2AzO^ + HO 

28*25 

C^eH^ChPAzO^ 

27*125 

CinPAz20« 

22*5 . 

^(AzQ^)+CJ*IP 

Ciohi'0+2(SO^)-|-HO 

22*75 

21- 


7*625 

C40H20O12 

44*6 

CaoHW+Br® , 

48*125 

Ci«H“ 04 .Br 

19*875 

Ci4H502+Br 

23*125 

C>"HGAz2+Br 

23*25 

C2H’Br 

11*875 

Ci4H'iOnir 

25*125 

’'C^oH^BrAzO" 

28*25 

2(Ci"H«On+ HBr-f2Aq 

41*375 

C20H“O»Br 

28*375 

Ci»H2Br’0 + H0 

41*375 

C46H2GAz20« 

49*25 

C8H503 

9*625 

Cm«Az'^ 

13-23 

C^H«Az2(P-fHO 

18*375 

Ci»IFAzW 

18* 

(y^onnQ^ 

20*123 

t;ioH7o3 

11*375 

C20H13_|_S20« 

25*625 

CioHi^O* 

17*625 

CIohcQ* 

12*25 

CISH’Az^Oi* 

27*623 

C*04+C2H30 1 

8*375 


7*373 

CPII-'*Az02» 

48*73 

10(C4«H3iAz5O»*)+S 

548*25 

C20H10O" ' 

25*25 

C32JJ24 >' 

27* 

3(C66H63AzOi*)4.Ph 

221*375 

C48HS0O2 

4;)ioop]ioo 

.44*25 

A* 

C40H24Az*O» 

38*5 


31*73 


13* 


18*125 


22* 

C«H»0» 

7* 


3 
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• 

•• 

-V- 

Atomic 

weight. 

Citric acid 


•20-^25 

Cocinic acid 


27-625 

Codeina 

C35H[20AzO» 

35-5 

Collin 

CJ3HiiAzO« 

, 19-5 ‘ 

Colophony • . 

, CAOHaoo-* • , 

37-75^* 

Oomenic acid 

C‘2H?0«d-2(H0) 

•19-5 

Copal resin, b 

040^3103 

36-875 

Chelidonina 

C40H20Az3OS 

43-75 

Chloracetic acid . 

C*ChlW+H© * ^ 

. 20-625 

Chloranil t 

C12Chl202 • 

29^ • 

Chloranjjiic acid . • . 

Ci2HChlOH2(HO) . 

t,^17-625 

Chloretheral * . * . 

C^H^ChlO • #• 

• 9-* 

Chloride of acetate of ox-1, 
ide of methyle . J 

C^IIChl^O^+CWo’ 

18-* 

Chloride of ald^ydon . 

C^H’Chl® • 

16-876 

Chloride of amyle . * 

C^®H“Chl . 

, 10-375 

Chloride of tljpnzoen, 

C*‘lPChF+3(HChl) 

62-75 

Chloridfe of benzole 

Ci^Hc+ChP • 
C”H502-l.Chl 

*36-5 

Chloride of benzyks 

17-625 

Chloride of chlorindopten 

Ci2ChP-|-HO • • 

32-625 

Chloride of methyle 

C^H’Chl . , 


Chloride of salicyle 

Ciqpo^Chl 

19-625 

Chloride of strychnina . 

C22H'?AzChl20'^ 

33-75 

Chloramital 

C^^II^iChPiOS 

17-3125 

Chloranthriicinese 

CSo^^iochP 

32-75 

Chlorindopten 

CicH^Chl^O® 

32-5 

Chlorindoptic acid 

Ci2H2ChPO-f-HO 

24-875? 

Chlorindalmitc 

C>2H*Chl*02 

25- 

Chlorisatic acid 

CisH^ChlAzO-^-l-HO 

23-875 

Chlorisatide • 

CicH«ChlAzO*+ S 

24*875 

Chlorisatin 

; CWH*ChlAzO^ .. 

22-75 

Chlorobenzide 

1 C^lpChP 

22-8^5 

Chlorocurainol 

CsoHiiQ^+Chl 

22-875 

Chlorohiunic acid . 

C32jii20i6Chl 

46* 

Chloromenthen 

CsoHi-^Chl 

21-625 

Chloronaphthalic acid . 

► C2=»H6ChlOJ-f-HO ^ 

26-126 

* 

Chlorophenesic acid . < 

► C^WChPO-t-HO • 

20-5 

Chlorophencsic acid 
CUoroprotein 

Ci*H?ChPO+HO 

54oh3iaz5012-|-CM» 

• 24*875 
59*25 

Chlorosalicin 

C42H25022ChP 

74-625 

Chorosalicymide . 

C42Hi«Az«0®ChP* 

56*375 

Chlorosulphuric acid 

SO^Chl 

8*5. 

Chlorovalerianic acid* • 

C^^HGChPP* 

30*25 

Chloroxalic ether 

CW+C*ChPO 

31* 

Chloroxamethan . 

CSH^ASChPQs 

36-5 

Choleic 

C«H**Az 0124 . 2 (H 0 ) . 

50-875 

Cholesteric . 

C13Hi®Az406 

17*875 

Cholesterin . 


1 67* 

Choloidic 

C82R250G 

1 83*125 


Xx 
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CHondrifi 

Chrysamminic acid 
phrysanilic acid . ' 
Chrysene * . 
tjjirysolepinic acid 
Cinchovma 
Citric acid , ^ 
Conicina • 

Creosote i ' 
CroocAiic acid 
Cubebiiv,*''' f 
Cuincne . . 

Cuidinic acid 
Cyanic acid . 
Cyanodide benzyle 
Cyanodido of cacodyle 
Cyanog^en . . , 

Cyanurif • acid 
Cymene 
Cystic oxide 

D 

Dallecochin 
Diabetes sugar 
Dialuric acid 
Dragon’s blood 

E 

Eblanin 
Elaidic acid 
Elfmi . 

Erythrilin 
Erythrin 
Erythroleic acid 
Eristhrolein . 
^Erythrolitnain 
Ethal . . ■ . 

Ether . ' . 

Ethionic acid 
Ethyle 

Euchronic acid 
EKphorbium resin 
Eupion 

‘ F 

Fibrin * ^ 

Fiigirin of silk 
Fichtelite 

Fluoride of cacodyle 
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T 

Compositiun. ' 

Atomic 

weight. 

1 - 

10(C®‘-*H«‘>Az''O'«+S 

484*6 


Ci^HAzW* 

26*876 


C*8H1oazO« 

30*76 



9*6 


C12H*AzW3+HO ’ 

28*626 


C^H^^Az^Qs 

49*376 


C12H«‘0“H-3(H0) 

24* 


C16H1«Az 

16*76 


C6H30 

6*876 


C^O* 

7*76 



.37*626 


c«Hi* ' ; 

16* 


C«»H«0» . 

19*375 


2(C2Az)OH-HO 

8*626 


C^^HW+AzC® 

16*375 


C^H6A8SH-AzC2 

16*5 


C*Az " 

3*26 


6(C2A^=’+3(HO) 

26*875 



16-76 


C6H«AzO» 

16. 


C®°H*®Az*0'® 

38*5 


C24HMO*4_j_4^HO) 

49*5 


C‘*H'’Az30» ' 

20*125 


C40H21O8 

40*626 


C2iH'W 

20*875 


C70HC8O8 

69* 


C40H33O 

36*126 



24*6 

• 

C8HW 

8*375 

■ 

CSCH220® 

30*25 

• 

CsSHasO"* 

26*25 



34*25 



16*125 


C^H^O 

4*625 


S20®H-C^H'‘0+0 

14*625 


C*H^ 

3*626 


C^AzO® 

' 16*76 


C40H3»0® 

39*875 


»C9H*® 

9* 


10(C40H«Az®O*) +Ph+i 

^ 550*25 

• 

C»8H81Az601" 

69*875 

• 

C4H« 

3*376 

• 

C4H6As®Fl 

4 

14*5 
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-- 

• 

#• 

-%- 

Compointicffi. 

Atomic 
wcif;ht. , 

Fonnethylite 

C8«l0O6 •“ 

~43-2S 

Formic acid . 

C^HO* 

4*625 

Fonnic ether 

C2H0»-|-C4^H*0. 

9*25 

Formobenzoilic acid # 

Ci 4 n 5924 .C 8 HO 3 -f.Aq 

, 17-875 * 

Fossil wax of GalUcia . 

. C*H* • . 

# 

• 

Fwlminic acid 

4(C*Ais)Q«+2(HO) . 

^7-25* 

Fumaramide 

C^UpS-i-AzH® 

7-125 

Fumaric acid 

C4H03 •• 

• * 

6-125 

► * 

X} 

Gallic acid . . • . 

C"H03 

• 

•• • 

8-375 

Gamboge (resin*of) • 

C02H30*o . • 

^6-25 

Gelatin from sillc . . ^ 

* 

28-875 

Glucinic acid 

C«H*03 

11-625 

Guaiacum resin ^ . 

C4®H*30i° 

42-874 

Garanina . . . • 


. 18- 

Guyoquillitt*^ 

C»H}3Q3 

19-625 

II • 

• 

% 

Harmalina . 

C2‘H12AzS4-HO 

24-125 

Hatchettine 

C*H* 


Helenin 

CisHioQs 

14*5’ 

Heraatosin . 

C4 4H22Az306 

60-5 

llippuric acid 

Ci®H»Az03 

21-25 

Hippuric ether 

CI^HsAzO^H-C^H^O 

25-875 

Humic ^id . 

C40H12O12 

43-5 

Ilumin 

C40H1«013 

46-875 

Hydrate of phenyle 

c^m^o+Ho 

11-75 

Hydrated oxide of amyle ^ 

Ci^HiiQ-f-HO 

11- 

Hydret of azobenzoilin 

C42H1»Az2 

37-25 

Hydret of benzoilin 

1C14H602 

89-75 

I 3 - 2 S 

Hydret of benzyle 

C14H602 

13-25 

Hydret of sulphazobenzoil 

C126H54Az2S12 

13075 

Hydret of sulphobenzoil 

C14H6S* 

15-25 

Hydrobenzamide . 

» C22H18A2I« • 

37-25* ^ 

Hydrochloratc of chloride I ( 
of amyle . . j 

Hjairomelonic acid 

* Ci^H^Chl^ 

48-375 

C6HAz4 4.4(HO> 

16-125 

Hydrotelluric ether 

C^H^Fl^ 

11-625 

Hydrous aspartic acid . 

C8H3A*feO«-|-2(HO) 

16-625 

Hydrous citric acid 

Ci2H*Oii4-3(HO) 

24- • 

Hydrous gallic acid ^ . 

C’'H034.5>(H0) 

10625 

Hydrous mellitic acid 
Hydrous mucic acid 

C4H3+HOt 

C12Hs0144.2(HO) 

7-124 

26-26 

Hydrous subchloride of) 
cacodyle . . ) , 

C^H^AsHChl+HO • 

1 18-875 

Hydrous tannic acid . | 

C18H5094.3(H0) 

26-5'* 

Hydrous tartaric acid . [ 

C8H40io+2(HO) 

» 

1 18-75 
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• Composition. • 

Atomic 



•• 

weight. 

HypobeUzylic acid 

-- 

12-625 

Hypo-sulpho benzydic acid 

t 

Ci2HfiO«S2+HO 

20125 

' .• I , 

^^lap resin . r . 
Idrialin* * 


t 

54*25 



11*875 

Jervina , , 

Cc®IL«Az20^ 

69*125 

IndjfOQ'^n 

C'WAzO* 

16*5 

Indigotic.aCid * . * . 

*Indiirbtin .* 


C‘^I^AzO'» 

21*75 


CififPAzO* 

16-375 

Inulin ^ 


,41*625 

Iodide of amylc *». ‘ . 

CioHiiO-t-Io ' 

" 25*625 

Iodide of benzyle 

C'^H^OHJo ' 

28*875 

Iodide of cacodyle 

C+IIcAs^ + Io 

Ci^H’OVlo 

CJCH5AzO*-f-2(110) 

29- 

iodosalicvliC acid . 

30-875 

Isatic ac\d 

< 

20*625 

Isatide 

C‘‘‘*H®AzO^ • 

18-5 

Isatin «... 

C16H5^0* 
.»C6H«(P+HO » 

18-375 

Itaconic acid 

« 

8*125 


C18H»50** 


Kalisaccharic acid 

30*375 

Kinic acid . 

1 


19-5 

L 

Labdanum . 

C40h*sO7 

.41*125 

Lactic acid 

C®H5 0‘ 

8*875 

Lecanorin 

Ci0H«O0 

22-5 

Lignin 

Lipic acid 


C»8H9O0 

19-125 


r41W+MO 

9-25 

L^hofellic acid . •< . 

C42H'’808 

44*25 

•M 



Malic acid . 

C»H^08 1 

14*6 

Mannite 

Q24JJ28Q24 

45-5 

Margaric acid 

C 

.CS4H3*0®-i-HO 

33*75 

Margarin . ‘ . 

C“ll”0 , 

29*875 

Mastich resin, a . . 

A 

37-875 

Mastich resin, b 

C'40H3102 

35-875 

Meconic acid 

C14HO>i+3(HO) 

26* 

Melanie acid 

‘CWHW 

13* 

Melanochin 

C^^HiSAziQ^* 

36-375 

Mellitic acid 


6* 

Menthene 



18* 

Mercuriobromide of ox-’ 
ide of caepdyle 


C«HeAs20+HgW 

59-25 

Mgrcuriochloride of ox-1 
ide of edeodyle . i 


C^H6A820+Hg2Chl2 

48*25 

Mesite 

C6H70’ 

8*375 
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Mesoxalic acid. 
Metameconic acid 
Metacinnamein 
Mctanaphthalin 
Methylal . • 

M»thyle 
Middletonitc 
Micomelic acid 
Morphina 
Mucic acid .* 
Murexan^ . 
Murexide . * 


Conlpo8i%n* 
■C^oi • 

C12H20842(H0) 

C28H12 • 

cw . . 

Q20H11O 
C8H^A <0^ 
C35H20A2OC 
C12h«014 


Atomic 

weight. 


•6-25 

17-25 

16- 5 
.22-5 

14- . 

•l-875 

17- 375 

18- 625 
/,36-5 

24«» 

,'.^3-5 

2g-5* 


Naphtha • »• 

Naphthalio acid . • * 

Naphthene 

Naphthol . • . 

Naphtholin . .• 

Nareotina 

Nicotiiia 

Nigric acid . 

Nitro-anisic acid . 
Nitro-aiiiside 
Nitro-henzide 
Nitrobeiijpoic acid . 

Nitron aphthalase . 
Nitronaphthalcse . 
Nitronaphthalic acid 
Nitronaphthalise . 
Nitrophcuesic acid 
Nitrophenisic acid 
Nitrophloretic acid 
Nitrosalicylic acid 

O 

Oil of anise 
Oil of ants . 

Oil*of Artemisia sanctonica 
Oil of asarum 

Oil of assalcetida 

Oil of bitter almonds ^ . 
Oil of bergamotte 
Oil of cajeput 
Oil of camphor 

Oil of cascarilla 

Oil of cedar 


CHIPS 

CicfPO« 

C1GH*6 

C24H‘-t> • 

ci^pi 

LAm^Az 

CiciiW+AzO’ 

C2«IP0Az^O'» 

C‘‘-’hP+ AzO^ 

C»^H'Az08 

C^»H7AzO^ 

C2«H6AzW 

C^^HSAzO'-^ 

C^^IPAz^O^^ 

C'nP(Az04)20 VHO 
C^2H2(Az0^/0+H0 
CsojjisAzO^" 
Ci4iI504+AzO+ 


iC2dhi02 

q5H202 

CHlpSQS 

C^HH) 

■JcasjrPWoS*® 
c^niw . 

c»w»o 

fCTl»»0 

C»2ll2iQ2 


• 12-125* 
.18-5 

14- 
20-5 

22- 375 
50-625 
10-375 
18-375 
25- 
29-75 

15- 375 
20-875 
14-125 

27- 25 

23- 375 
32-875 
23- . 

28- 625 

• 40-75 
20*875 


18-5 

6 - 

17-375 

6-875 

58-125 

22-376 

13-25 

8- 5 

9- 625 
12-875 
21-25 
12-875 
29-25 
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Oil of Cinnamon 
Oil of cloves 
Oil of copaiva 
^ Oil of c«.bebs ^ . 

•^il of elemi f 
Oil of rennel 
Oil of hyssop 
O’^ of jin^iper. 
Oiloflavendei- . * . 

' Oilc Sf laurel 
Oil of .^vjfepas ^ • 

Oil' oi^mace • • I 

Oil of maijoraxn . 

Oil of mustard 
Oil of olibwium 
Oil of ocangc flowers 
Oil of orange peel 
Oil of parsley 
Oil of pennyroyal 
Oil of pepper 

Oil‘of peppermint 

Oil of rosemary 

Oil of roses 

Oil of rue 

Oil of sabine 

Oil of Spiraea ulmaria 

Oil of turpentine . 

Oenanthylic acid 

Oleic acid 

Q'*cein, a * • 

Orcein, /3 . . . 

Orcin 

Oxalate of oxide of methyle 
Oxalhydric acid 
V. Oxalic acid 
Oxaluric acid^ 

Oxiodidc'of cacodyle 
Oxide of amyle 
Oxide of benzyle . 

Oxide of cacodyle 
Oxide of methyle 
Oxybromide of cacodyle 

Oxychloride of cacodyle 

Oxyprotein 4 . . , 

O^ocera’te . . . 


Composition. 

■^SoIJTTqS 

C24Hi«o® 

C1®H® 

CioH® 

C60IJ47O 

QlSHli 

(.12H10O 

C*°H« 

C16H130 , 

^60JI40O 

(.4iH25Az4S1® 

C35H280 

CIOH^ 

CisiiiTo* 

QlSpjlO 

rcisiiioo 

\ 

C23H2303 

C23H2803 

020^16 

C»'IPO’ 

C20PI10 

C44H3904+H0 
C 18 Hio + AzO« 
Ci®Hi«AzO» 

C16H0O* 

C^OHC^H^O 

Ci2H«0“ 

CW 

O^U*AzKJ 

C^K® As^O+3(C^H«AsIo) 

C^®H*iO 

C'WO 

&WAz^O 

C*H30 

C*H6AB204.3(Cm6A8*Br) 
fC^ H® A8*0 + 3(C^Hfi 
1 As*Chl) 
C4oh«iAz®O^HHO 
C*H* 


Atomic 

weight. 

18*376 

24*875 

8*5 

12*76 

8*5 

12*75 

51*875 

12*75 

11*25 

17* 

8*5 

14*625 

43*5 

60*875 

30*75 

8*6 

8*5 

8*6 

15* 

11 * 
11*25 
23*5 
40*5 
23.125 
27*5 
. 17* 
10*875 
17* 

15*125 

43* 

21*5 

24*5 

14*75 

7*375 

20*625 

4*5 

16*5 

101*25 

9*875 

12*125 

14*25 

2*875 

84* 

67*5 

58*75 


P 

Palminic acid 


C6®H«*0’4-H0 


65*5 
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Parabanic acid 
Paraffin 
Paramide 
Paranaphthalin 
Paratartaric acid • 
Peat, resin, a 
Peat, resin, h 
Peat, resin, c 
Peat, resin, d 
Peat, resin, fit* 

Peat ami|||a resin . 
Pectic acid . * . 

Perchloric ether 
Peristerin 

Petrolene . ^ . 

Penivin 

Phene 

Phenylc . • . 

l^hloretin . .• 

Phlorizein 
Phlorizin 
Phosphoric acid 
Pimaric acid 
l^melic acid 
Piperina 
Polychrojn 
Polygalic acid 
Potassio cuniinol . 
Protein 

Protonitro bcnz^ene 
Pseudacetic acid 
Pyrene 
Pyrocatechin 
Pyromaric acid 
Pyromeconic acid 
Pyruric acid 


C‘'K*Az«Oe 

C«HAzO* 

C3ohi% 

C5oh4oo\ 

C’W’O® 

Ci3ipii2i09 • 
C35H2SO’ 

C90HR4O6 

CIIHWO • . 

Chl0’'4.C'‘H50 

C^H^O 

Csojjie 

; c^SH'W . 

C12IPO • 

C^W0O244.Az2O'^ 

C^2H2io*« 

Ph*0® 

C 20 H 15 O 2 

C’H«03+H0 

C«*HioAzO« 

C»IPiO« 

cm^o^ 

C20H11O + K 
C^«H«AzfiO»< 
AzO^Ci^'' 

•• 

C^H^O + HO 

C20Hi5O 

CiOH^QS^H 
O^RSAzO* • 


17*625 

11*875 

OAm # 

* 18*1874 
«1*5 • 
75*125 
98*75 

122*^5 

* • 

.84* 
•l9*l«25 
16*125 
4*375 
17* . 

17. 

* 9*75 
10*625 
48*125 
65*75 
50*125 
9** • 
18*875 
10 * 

35*625 

11*5625 

15*75 

23*375 

65* 

17*125 
9*15 
8* ♦ 
6*875 
18*875 
14* 

10*75; 


Quercitric acid 
Quinina 


C^eRsoio 

C^oR^Az’O* 


23*125 

40*5 


Resin of indigo 

Resin of tolu 

Retinaphtha 

Retinasphalt 

Retinol 

Retinyle 

Rhodizonic acid 


C^oRiechPpio 
CISRIOCP •. 
C«H8 • 
C^RSQ 
C32H16 

cw 


61*75 

19.75 

11*5 

6*875 

26 

15 • 

7*25 ? 
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Rhubaibaric acid . 
Rusiochin . 


* CompoBition. 

C24H30Az2O16. 


Atomic 

weight. 

47*6sJ5 

41.26 


cSaccharic acid, 
Sagapefium , 

Salicin , . 
St^icylic acid 
Salicyle *» . 
.8ali(^le, nydi'et of 
Salicon * ' ^ 
SaUcyluni^e ' ,. 
Saliretin 

Sandarach, resin, a 
8 andaracli,^^sin, h 
Sandarach, resin, c 
Scammony resin * 
Sebacit^acid 
Seleniet of cacodyle 
Seraicbloret^of ether 
Seripc acid^ 
Sinapolin '. 
Spanolitmin 
Starch . . 


Ci2H«Oi* 

*C*2pjl9022 

C42H25Q7 

C«HiaAz206 

C30H15O7+HO 

C40H31O5 

C40H31Ofi 

C^oh^oQ® 

Ci®H»OS 

.CndSAsS+Se 

Cni^ChlO 

C28HS804 

C^8H*5A2*0^ 

018^7016 

C12H909 


Stearic acid 

Stearopten of oil of ber- 
gamotte 

Stearopten of oil oflcmons 
Stearopten of oil of mace 
l^tearopten of oil of mar¬ 
joram 

Stearopten of oil of pep¬ 
permint ■ . 

Strychnina . 

Styracin 

Styrole 

** Suberic acid 
Succinic. 

Succino-sulphuric acid . 
Sugar, common 
Sugar, grape 
Sugar, jelly 
Sugar of milk 
Sulphamilic acid . 
Sulphethyl-sulphuric acid 
Snlphindilic acid . 
Sii[lpkisatin . 

Sulpho-amviate of barvtos 

4 v if 


C®8H6®0®H-2(H0) 

C’HO 

C^II^O 

C14H1505 

C21H20O2 

CWHiiO* 

C12H6 

C«H603+H0 

C4H203+H0 

C»H40ct:|-2(H0)-f.2(S03) 

(;J24JJ18Q18 

Cr'4H‘^4024^4(HO) 

C16H18Az'‘0»^ 

C24H200204.2(HO) 

S03+C»®Hi‘0-(-H0 

f »6H^AzO-f SO’ 
Ci6H«Az02-|-S« 
f (S03.fC^°H“0) + (SI 
\ 0’-|-Ba0)-l-H0 j 


20-625 

42- 6£6 

65- 875 
1j6'125 

15.125 

16- 25 

. 41-625 

43- 25 
32-5 

38- 875 
89-875 

39- 75 
54-25 
11.5 

17- 75 
9 

28-5 

35.125 
30-375 

19- 125 

66- 5 

‘ 3.375 

2-75 

19 

17-375 

20- 25 

41.75 

21- 375 
9-75 

10- 875 
7-375 

24-76 

38-25 

49-6 

35-25 

42-75 

9 

11- 625 
20.25 

22 - 6 

23-5 
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Sulphobenzide 
Sulphobenzocnic acid 
Sulphobenzoic acid 

Sulphobiproteic^acid . ^ 

Sulphociunemc acid 
Sulphohclenic acid 
Sulphohydrot of azobenzoil 
Sulphophcnic acid 
SulphoprotcTc acid 
Sulphouprpuric acid* 
Sulphoretenil’^ acid 
Sulphuret of benzyle . . 
Sulphuret of cacodyle 


Uompo^tfbn. 

C14Hio+S20^ 

C14H4034 S*0«-|i.2Aq* 

(2 ((yoRWAz^O^^ + S 03 

C15H1oo*+S 034HO .. 
C42ni8A2*S3 
C121 Po+2(S03)^HO 
C40H31Az3O12+SO3 • 

C32H»0Az2O4+2(SO3) . 
CiSRis^S^O® • •• . 

Ci^RSQ^+S • 

C*H6As«+S 


Atomic 

•15-125 

20-75 

24-375^ 

116-5 ^ 

• 29- * 

20- 625 
43i25 

21- 75 
^f^-625 

. 42-75 
24* 

1»125 

15-25 


T* 

Taanin 

Tartaric acid • 
Tartralic acid 
Tai'trelic acid 
Terethrin 
Thcobromin 
Thcina 

Thioriuric acid 
Tolene 


f •* 

C*8pi509 
C8H4O10 • 

C8[14oi04U(HO) 

c^n^o'o-pHO ' 4 

C2 11^0019 , . 

C^H^Az’O® 

C^H^Az^Qg 42(80®^ 

(JISRIO 


23-125 
^ 16-5 
18-1875 

17- 625 
3ip-75 
14-625 

18- 

27-875 

11 - 


U V 

Valerianic ether 
Voratric acid 
Ulniic acid • 
IJlmin 
IJramile 
Uramilic acid 
Urea 
Uric acid 
Uric oxide 


CJgh»034 C*H30 

CISRIOOS 

C»0H14Oi2 

C40H1GO4 

CGlUAz^O® 

CiGRiGAz^O’* 

CG Az^O ♦ 4 C2H 4 Az*02 
C3H*Ai*©« 


16- 25 
22-75 
43-75 

36- , 

17- 875 

37- 


7-5 

21-75 

9-* 


X 

Xanthic oxide 
Xanthoproteic acid 
Xylite • 


C«HSAz»0* • 

. C3*H®*Az40i*+2(H0) 


9-6 

52- 

5-625 







in'd^:x.. 


A 

Aciu, acU|iic, paffi - 
alloxanic, ^5 
ambreic, 2f 
azelaicy 2*2 
azoleic, 22 
bomhycic, S7 
butyric, 2(> 

CHpric,c2f> 

caproic,®26, 
castoric, 27 
cerebric, 69 * 

chlorobijiroteic, 174 
chloroproteic, 176 
choleic, 69 
cholesteric, 62 
cholic, 15 
choloidic, 13 
dialuric, 50 
formic, 7 
hij>puric, 59 
hircic, 26 
h^^dromelonic, 66 
lactic, 9 
lipic, 21 
lithic, 31 ' 
lithofellic, 22 
mesoxalie, 4 
mycomelic, 48 
xutroleucic, 73 
of ants, 7 
of milk, 9 
oxaluric, 42 
parabanic, 40 
phocenic, 26 
pimelic, 18 
pyrozoic, 16 
pymric, 38 
8eba#ic, 12 
suberic, 11 
succinic, 9 
Bulphoproteic, 7 3» 
thionuric, 53 
unimilic, 56 
uric, 30 

xanthoproteic, 178 
Adipic acid, 19 

Air in swimming bladder of fishes, 550 


Albumen, page 180 ^ 

of blood 

• silk, 4 84 

AUafltoin, l07 « 

Allantois, liquor of, 531 
Alloxanc, 111 ^ 

Alloxanic acid, 45«« 

^loxantin, 115* • 

Amber^s, 150 

Ambrei* acid, 27 

Ambrein, 150 ^ . 

*Amides, 98 ^ 

animal, 16 > 

Ammolin, 90 
Ammonia, 97 ^ * 

Ammonium, 100 
Amnios, 526 ^ 

Animal acids, 2 

destitute of azote, 4 
bases, 75 

colouring matters, 157 
poisons, 537 
principles, 2 

Animals, functions of, 586 

liquid parts of, 349 
solid parts of, 233 
Animit? 87 # 

Aiiseriu, 165 
Aposepedin, 93 • 

Arachnoid membrane, 266 
Arteries, 316 
Assimil^on, 651 
^ 4.zelaic acid, 22 
Azoleic acid, 28 

Azote in orgoniefbodies, how determined, 
667 ^ • 


B 

^ Bases, aflimal, 75 
Beist, 429 
Bezoars, 582 
•Bicuspid teeth, 243 
«le, 406 

Biliary concretions, 574 
Blood, 349 

specific gfHvity of, 355 
in variouB animals, 3fi8 
diseases, 373 
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Bombydo add, page 27 

Bon^of cuttle-fish, 259 > 

Bones, 29fi ^ 

Brain, 266 

structhre of, 266 
BFeastB,'^319 * 

Bristte, 301 

Sutter. 431 * t 

* Butyna acid, * 


Calculi, ammoniarpUosphate of mague- 
• ' aiaa^59 • 

caxb^atttof 559 
‘'cystic oxide, 561 
ibrruginpui^^56 3 
fihlinoiu, 
fuej.hle, 559 
lithofellic, 565 
mulberry, 560 
sorigin of, 56j^ ^ 
phnspha^ of liiiie, 558 
urate of ammo^ua, 558 
urate of soda, 561 


uric ad', 557 
urmar>', 553 

of infbrior animals, 566 
xanthic oxide, 562 
Cancrin,‘ie3 
Canine teeth, 243 
Cantharidin, 156 
Capric acid, 26 
Caproic acid, 26 
Capsule of teeth, 245 
Carbon in organic bodies, bow ascertain* 
ed, 663 
. <?annin, 158 
iCartilage, 250 
Casein, 185 
Castor, 148 

Castoric msid, 27 ‘t 

Castorin,^l48 

Cellular substance, 

Cerebellum, 265 
* Cerebric acid, 69 

Cerebrum, 265 '• 

\ Cerumen, 516 s * 

Cet»>d, 148 , 

Cheese, 433 ' 

i Chitin, 97 

; Chloroproteic acid, 175 '' 

Choleic acid, 59 

j Cholesteric acid, 62 • ‘ ' 

I Cholesterin, 152 
1 ^olic add, 15 

1 Choloidic acid, 13 • 

Chondrin, 211 
1 Choroid coat, 336 
1 Chyle, 418 
; Codhineal, 158 <u> 

ColUn,2(U 
ColoB^m, 428, 435 


Concretions, bili&**y, page 574 
gouty, 57 C 
intestinal, 580 
morbid, 552 
salivary. 571 
Conjunctiva, tunica, 335 
Coral, 263 
Corium, 293 
Cornea, 336 
Cow, respiration of, 622 
Crabs, colouring matter of, 163 
Cream, 429 
Crimping, 286 
Cruuta petrosa, 245 ' 

Crusts, 260 
CrvHtalUne lens, 92 
Curd, 433 
Cutis, 2!)3 

Cuttlc-hsh bone, 259 
Cyanogen and its compounds, 28 
Cyanurin, 489 
Cvstin, i05 

D 

Diabetes, 482 

sngiir, 129 
Dialuric acid, 50 
Digestion, 586 
Dippcl's animal oil, 83 
Duck's tat, 139 
Dura mater, 266 


E 

Ear-wax, 516 
Egg, white of, 447 
shells, 446 
Eggs oi‘ fowls, 446 
Emuncl of teeth, 245, 246 
Epidermis, 298 
Krvthric acid, 111 
Ethal,l47 
Eye, liquids of, .512 

membranes of^ 335 
of birds, 515 
of horse, 515 
of man, 515 
of oxen, .51.5 
of oheep, 513 


F 

Fat cf Coccus cacti, 141 

Delphinus globiceps, 140 
duck, 139 
goat, 137 
goose, 138 
man, 137 
porpois, '40 
turkey, 189 
Feathers, 305 
Feces, 542 

human, 542 

Fibrin from blood, 192, 359 
silk, 198 
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FisheB, respiration of, p^ge 620 

air in %winMling bladders of, 550 
Flesh, 273 • 

Food, 587 

digestibility of, 589 
Formic acid, 7 
Fusciii, 91 

G, 

Oa^ric juice, 393, 698 
Cidatin, 201 

from silk, 217 
Glands, lachrymal, 332 
salivary, 330 
sublinggal, 331 
Bubmaxillary, ^30 
Globulin, ^1 * 

Globules of the blo'^, 3.*I5 
Goat's fiit, 137 • 

Goose fat, 138 • 

foot, colouring matter of, 165 . 
Gorgonin, 264 ^ 

Gout\' concretions,/)70 

• 'll 

Hair, 301 • X 

Harts horn, 312 
Heat, animal, 626 • 

source of, 631 
Hcmatosiii, 219 
Uippuric acid, 59 
llircic acid, 28 
Hog's lard, 134 
Horns, 306 

Horse, respiration of, 623 
Human lut, 137 

11 ydrogoi^ inorganic l)o<Ues, how deter¬ 
mined, 665 

Ilydromelunic acid, 66 
I 

Inciso^ 243 • 

Intestinal concretions, 580 
Ivory, 244, 247 

K * 

Kidneys, action of, 643 

cortical portion of, 320 
medullary portion of, 320 
Koiuniss, 436 • 

L 

Lachrymal gland, 332 
Lactic acid, 9 
Leather, 294 
Ligaments, 289 
Lipic acid, 21 
Liquids of tne eye, 512 
Liquor of blisters, 420 

dropsy, 422 « 

Lithic acid, 31 
Lithufellic acid, 22 

calculi, 585 
Liver, 320, 407 

actions of, 603 
Lungs, 333 
Lymph, 416 


' , M 

Mackerel, digestion o^ 597 
Madkepores, 262 ^ 

Mammee, 319 
Margaric acid, 142,144 
Margaron,d46 * 

Marrow, 253 
Meloin, 126 ^ * 

Melanie acid, ,49 P ^ 

Membrana putamiim, 44o 
Membranes, mucoig»,^14 
serous, til 3 
Mesoxajiu acid, 4 ^ 

Milk, 424 • 

ass's, 440 
ewe’s, 445 , 

goat’s, -yst 
Miire’s, «4 
woman’s, 438 
Millcpores, 262 
Milt of the carp, 50 P, 

Molar teeth, 244 i * 

Mucous mcmbmiMs, 3^1^ 

Mucus, 5^6 

of hronchise, 508% 

• of giill'bladdcr, 610 
of mouth, 

of nose, 507 

of stomiAh %nd intestines, 509 
Murexane, 124 
Murexide, 119 
Muscles, 273 • 

structure of, 273 
Mutton suet, 136 
Mycomelic acid, 48 

N 

Nails, 311 
Nerves, 265 
Nitroleucic acid, 73 

o 

Odorin, 63 
Oianin, 88 
Oonin, 128 

Oiganic bAlics, method of analyzing, 659 
•(^mazome, 178 ^ 

Ossification, 57tL * 

Otin, 518 • • 

Oxaluric acid, 42 f 
Ox fat, 138 

Oxides, animal, containing azote, 102 
, 0 m . not containing azote and 

not oily, 126 
oily, saponiliahle, 184 

• oily,notsaponifiable,145 


Pancreas, 320, 403 
Pancreatic juice, 403 
Pancreatin, 232 
Parahanic acid, 40 
Parotid glands, 330 
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p«g« 2&9 
pMMiii, 2S9 
Pouted, 164 
,P«npii«t3onf519,648 
Miooenic avid, 26 
Pia mater, £66 *» • 

Pigeon, digestion of, 597 
• Figeonls feet, oMooring matter o^ 164 
'Pf^c acid, 18 • ^ 

Poisons, aniiftl, 53& • 

Porpoise fet, 140 
Protein, 168 •<*’ 

'Plya]iir,‘S28 . • < « 

Pulp of tooth, * 

Purple djA 166 * 

Pus, 634 . « ^ 

Potaminjs, mSmbfena, 446 , 

Pyrosoic add, lo .* . 

Pyruric t&id, 38 

R 

Rabbit, digestion rf, 596 
Ranula,*lipviid of, W% 

'RipApliaialOlt, ly Ef. Jf * 

Rete mucoBum, 

Ricottin, 200^ 

Roe of fithei^ 455 < 

*8 

Saliva, B8| t { 
human, 383 
of inferior animals, 387 
Salivary concretions, 57i 
glands, 330 
Salivin, 228 
Scales, 311 
Sclerotic coat, 335 
^badc acid, 12 
^men, 226, 499 
Sotidn, 161 

Serous membranes, 313 
Serolin, 155 

Shells, %6 ' 

mothor of pearl, 257 
oyster, 258 * 

* pmv^Laneous, 257 
Silk, 339 a 

Vjdouring matter Of, 161 
Skii^292 

Soapy matter of iirinej75 
Spermatin, 226 « 

SpiderVi webs, 346 • 

Sponges, 265 

Stearic acid, 142 . • « 

Stearin, 142 , 

Stevens,* Or, experiments on digestion 
by, 593 

Submc acid, 11 ' ^ , 

Sablmgual glands, 881 
Bnlpinidnilkipr glands, 336 
Soedmeacid, 9 


Sw^ page 523 


Swidtming b] 


ing 

^ynovia7502 


gfSshes, air in, 550 
- T 


\nilk, 138 

Stdiphopn^c acid, 173 


Tanning. 294 
Taurin, 95 
Tawing, 297 
Teank 507 
Teeth, 243 

Tconpeiature of animals, 628 
« Tmidi, digestion of, 597 
Tendons, 288 
Testes, 331 
Tfaionuric add, 53 
Tubuliseminiibri. 331 
uriniferi 327 
Tunica albugii eo, i>31 
Turkey fet, 139 c 

V 

Vapour, specific gravity of, how deter> 
mined, 678 
Vasa elferentia, 332 
Vdns, 318 

^ — 

Uraroile, 118 * 

Uramilic add, 5C 
TIrea, 75 
l^ric add, 30 
Uric oxide, 31, 103 
Urinary calculi, 552 
Urine, 459 

in disease, 477 
of ass, 494 
of beaver, 497 
of camel, 495 
of cow, 494 
of dog> 493 
of elephant, 497 
ot* fowls, 498 
of guinea-pig, 496 
of horse, 493 
of monkey, 493 
of rabbit,* 496 
of rhinoceros, 496 
of serpents, 498 
of sow, 496 

II 

W 

Whalri^dl, 139 
•Whgy, 434 

float, 435 
White of egg, 447 
Wool, 305 

X 

Xanihic oxide, 103 
Xanthroprotei^'.add, 178 


Yolk of egg, 447 

Zomidin, 288 
Zoophyt^ 262 


^.rotNTBO sr joAk stark, old assskblv close, KorNBimoK. 
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